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(54) Optical reproducing device and optical memory medium 



(57) An optical reproducing device acoordSng to the 
present invention detects mean amplitude values of 
short marks and long marks, wh'ch are recorded marks 
for reproducing pcwer control, t^ means of a short mark 
level detecting circuit (6) and a kjng mark level detecting 
circuit (7). Then a differential amplifier (10) compares a 
ratio l>etween these two mean amplitude values with a 
standaid value, and outputs the result of this compari- 
son. Ihereafter. a reproducing power control circuit (1 1) 

FIG.1 



controls reproducing pcwer of a semxx)nductor laser 
(12) such that tfie at)solute value of this comparison 
result is reduced Since mean values of the aniplitude 
values of the short marte and long marte are d^ected, 
the detection results are very accurate, arxl the pred- 
ston of control of reproducing power can be ^eaUy 
irrprcved. 
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Description 

FIELD OF THE INVEMTION 

The present invention relates to an optical repro- s 
dudng desnce and an optical nienriory niedium. and in 
particular to an optical reprodudng device wtiich con- 
trols the quantity of light of a fight beam projected onto 
an optical memory mecfium 80 as to bring dose to a pre- 
determined value the quantity of a reprodudng signal io 
from recorded marks recorded in the optical nnemory 
medium, and to an optical memory medium to be repro- 
duced by this optical reproducing device. 

BACKGROUND OF THE INVENTION ?5 

In ntagneto-optical disk devices which use the mag- 
netic ultra high resolution method, a magneto-optical 
disk is used which is provided with a recording layer and 
with a reprodudng layer having in-plar)e magnetizatk)a 20 
In this type of magnetooptical disk device, during repro- 
dudng, a light t>eam is projected orrto tfie reprodudng 
layer side of the magneto-optical disk. Then, part of the 
area of the reprodudng layer within the fi^ beam spot 
is heated to above a predetermined temperature, and 25 
the magneti2atk)n of this portk)n (the aperture) shifts 
from in-plane magnetization to a perpendicular magnet- 
ization conforming to that of the recording layer beneath 
the aperture, i.e., the magnetization of the recording 
layer is copied to the reproducing layer. In this way, with 30 
this type of magneto-optical disk device, by reprodudng 
the magnetization of ihe aperture, recorded marks 
smaller in diameter tfian the light beam spot can be 
reproduced. 

In nfiagnelOK)ptk;al disk devk;es using this magneti 3S 
uHra high resolutk)n method, it is preferable if the power 
of the light beam during reprodudng (the reprodudng 
power) is always at an optimum level. However, there 
are cases in which the optimum level of the reproducing 
power fluctuates with changes in the ambient tenpera- ^ 
ture at the time of reprodudng. For this reason, even if 
tfie current for driving the structure which produces the 
light beam (the driving current) is heU constant, there 
are cases in which the reprodudng power deviates fiom 
the optimum level. 45 

If reprodudng power is much stronger than the opti- 
mum level, the aperture formed on tfie magneto-optical 
disk becomes too large. Consequently, output of repro- 
dudng signals from tracks adjacent to the track being 
reproduced (crosstalk) is inaeased. the proportfon of so 
noise signals induded in the reproduced data 
increases, and reading errors are more likely to occur. 

Again, if reprodudng power is much weaker than 
the optimum level, the aperture becomes smaller than 
the recorded mark, and the reprodudng signal output ss 
from the target track is reduced. Accordingly, reading 
errors are more likely to occur in this case as well. 

In a recording and reprodudng device cfisdosed in 



Japanese Unexamined Patent PubTtcatfon NOl 8- 
63817/1996 (US Patent 5.617,400), In order to control 
reprodudng power, fong marks and short marks fonmed 
on a magneto-optk:al dsk are reproduced. Hiese long 
and short marks are two types of recorded marks for 
reprodudng power control of different mark lengths, fan 
this device, reprodudng power is controlled so as to 
txing dose to a predetermined value a ratio of tfie quan- 
tities of the reprodudng signals from these recorded 
marks. By this means, in this device^ reprodudng power 
is maintained at an optimum value, and the likelihood of 
reading errors is reduced. 

Figure 30 is an explanatory drawing showing the 
general structure of this devica In this device, a ligfit 
beam is projected from a semkx)nductor laser 108 onto 
a ma^eto-optk:aI disk 112. Then, r^lected light from 
marks for reprodudng power control, wftk;h indude long 
and sfKMt marks* is converted into a reprodudng signal 
by a photodiode 113. and this reproducing signal is sent 
to an A/D (Ariafog/Digital) converter 115 and to a dock 
produdng drcuil 114. By means of the PLL (Please 
Locked Loop) contrd method, the dock produdng cir- 
cuit 104 produces a dock signal synchrornzed with the 
reproducing signal, and sends this dock signal to the 
A/D converter 115. 

Then, in accordance with the dock signal, the A/D 
converter 115 converts the repro(&x:ing signal into dig- 
ital signals. whk;h are sent to an amplitude ratk) detect- 
ing circuit 1 16. The ampTrtude ratio detecting drcuit 116 
extracts, from the digital signals inputted for each dock 
signal, only the cfigital signals corresponding to upper 
and fower peak points. Then the amplitude ratk> detect- 
ing drcuit 116^ based on tfie extracted digital signals, 
calculates the values of these upper and lower peak 
pdnts arxl finds amplitude values for the tong and short 
marks. Then a ratfo t)elween these amplitudes (ampB- 
tude ratio) is calculated and sent to a differential ampfi- 
fter 1 10. This amplitude ratfo corresponds with tfie size 
of the aperture on the reprodudng layer of the magneto- 
optical disk. 

The differential amplifier 110 compares the ampli- 
tude ratio with a predetermined standard value, and 
sends the results of this comparison to a reprodudng 
power control drcuit 111. The reprodudng power corv 
trd circuit 111 tfien oontrds drivfog current supplied to 
the semfoonductor laser 108 in such a way tfiat feed- 
t>ack reduces tfie cfifference between the amplitude ratio 
and the standard valua 

In this way, the driving current supplied to the sem- 
foonductor laser 108 is controlled in such a manner tfiat 
the tight k>eam is always projected onto the magneto- 
optical disk at optimun reprocfodng power. 

However, with this recording and reprodudng 
device, tfie amplitude values of the recorded marks for 
reprodudng power control are calculated using the val- 
ues of only one upper peak point and one tower peak 
pdnt For this reason, the amplitude ratio cafoulated 
from these amplitude values is not suff idently accurate. 
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and thus there is a large error in control of reproducing 
poMrer in this recording and reproducing denca 

Again, as a method of reducing reading error rate 
wHh data recorded at high density, the PRML (Partial 
Response Maximum Likelihood) demodulating method s 
has been proposed. The PRML demodulating method is 
a demodulating method in which a reproducing signal 
undergoes partial response equalization, and then max- 
imum likel&xxxJ decoding (ML decoding) using Vrtertsi 
decocBng. 10 

A reproducing device using this demodulating 
method is disclosed, for example, in Japanese Unexam- 
ined Patent Publication Na 6-243598/1994. In this 
device, a reprodudng signal from an optical disk is 
equalized into PR(1.2.1) characteristx^s. and decoded 15 
into the most likely data by means of VitertN decoding. 
Figure 31 is an explanatory drawing showing the gen- 
eral structure of this devica 

In reproducing using this device, an optical head 
121 reads data recorded in an optx:af disk 120, and out- 20 
puts an analog si^ial corresponding to this data. Then 
an A/D (Ariabg/Digital) converter 123 converts the ana- 
log signal into digital signals. The digital signals output- 
ted by the A/D converter 123 are sent to a PRML 
denrxxlutating circuit 1 26. 2s 

The PRML demodulating circuit 126 includes a PR 
equalizer 124 and a Vttetti decoder 125. The digital sig- 
nals are ec^ialized into PR(1,2,1) characteristk:s by the 
PR equalizer 124, and then Viterbi decoded by the 
VitertM decoder 125. which outputs binarized data. 30 

Th e anak)g signal outputted by the optical head 1 2 1 
is also sent to a ck>ck extracting section 122. The cbx:k 
extracting sectk)n 122 produces and outputs to the A/D 
converter 123 dock signals with a bit cyde syndhny 
nized with the analog signal. The A/D converter 123 35 
converts the analog signal to digital signals in accord- 
ance with the timing of the dock s^nal. 

Hcwever. drawtsacks of this reproducing device 
indude the following. Namely, in this reproducing 
devk»L the sampGng tinning whk:h is preferable for data 40 
reprodudng, whidi is deterrrened the cont)ination off 
the modulation method of the data recorded in the opti- 
cal disk 120 and the demodulation method used by the 
PRML denrxxkjlating drcuit 126, may not conform to the 
sanrpGng tin^ng which is preferable for accurately 45 
detecting the quantity of the reprodudng signal of the 
recorded marks lor reprodudng power control. 

Consider reprodudng power when using 
PR(1Z1)ML demodulating in the PRML demodulating 
drcuit 126 to decode data from an optical disk recorded, so 
for example, by the (1 .7)RU. (Run Length Limited) mod- 
ulation method. 

Figure 32 is an explanatory drawing showing, for 
this structure, the timing of A/D conversion (sampGng) 
suited to PR(1.2.l)ML denxxiulating for a reprodudng ss 
signal consisting of a pattern of repeated shortest 
marks (mark length 2Tc). As shown in Figure 32. witii 
sampfing suited to PR(1,2.1)ML demodulating, a point 



at the shoukJer of the reprodudng signal is sampled. 

On the other tiarxl, the mark length of ttie short 
marks used for reprodudng power control is typk»Ily 
2Tc. Further, when reproducing these short marks, it is 
preferable to sample the upper arxi tower peak points of 
the reprodudng signal ot>tained. Hone/er, as shown in 
Figure 32, in sampling with this structure, a point at the 
shouUer of a reprodudng signal corresponding to 
recorded marks 2Tc in length is sampled. Accordingly, it 
Is not prelerai)le to use the reproducing signal quantity 
obtair>ed ty this sanrpling for reprodudng power control. 
Accorcfingly, a drawl>ack of ttiis structure is tiiat if A/D 
conversion is performed with a tinrwig suited to 
PR(1,2.1)ML demodulating, it is difficult to perform 
reprodudng power control. 

In this example, a combirtation of PR(1.2,1)ML 
defTKXlulating and (1.7)RLL nrxxlulation was consid- 
ered, but for data reproduced by otfier combinations, 
tooi sudi as PR(1.1)ML demodulating and the EFM 
(Ec^ to Fourteen Modulation) modulation method, 
there is a sampling timing preferable for the combination 
used. 

In this way, conventional structures fiave the prob- 
lem that when the optimum sarrpling timing for data 
reprodudng (which is deiemrnned t^y the combination of 
the PRML demodidating method arxJ ttie rrxxiulation 
metfxxf) does tKA. conform with the optimum sarTf)ling 
timing for reprodudng power control, accurate repro- 
dudng isdifficulL 

SUMMARY OF THE llvJVEf^lON 

The first object of the present invention is to provide 
an optical reproc&jdng devk» capable of precisely cal- 
culating the quantity of a reprodudng signal obtained 
from an optical memory medium, arid, based on the 
ampTitude value of that reproducing signal quantity, pre- 
cisely controfling reprodudng power, ard to provide an 
optkal memory medium to be reproduced by tftis optical 
reproducing devicoL 

Furtfier, the second object of the present invention 
\s to provide an optical reprodudng device capable of 
performing reproducing power control and cS^tal data 
reproducffig usvig optimum dock signals. 

In order to attain tfie first ob{ject mentioned above, 
an optical reprodudng device according to the present 
invention is made up of a reprodudng signal production 
section, which projects a Oght beam onto an optical 
memory medium, arxJ, based on reflected light of the 
tight beam, produces a reprodudng signal correspond- 
ing to recorded marks recorded in the optical merrx^ry 
niectium; a control signal output section, which detects a 
me an value of a sigr^ quantity ofJhQ rep rodudng sio- 
n ^ produc ed tiy the reprodudng sigial proc&x:tion sec- 
JofiTahd produces atii^Cbmroi Sig/t^ Cbn'esponding b 
the mean value; and a reprodudng power control sec- 
tkxi. which, t>ased on the first control signal produced by 
the control signal output section, controls reprodudng 
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power of the fight beam projected by the reprodudng 
signal productiori section such that the stgrial qu^ 
the reproducing signal is a predetermined value. 

In the foregoing structure, ttie reproducing signal 
production section projects a li^ beam onto the optical s 
memory medium, and produces a reproducing signal 
corresponding to recorded marks recorded in the opti- 
cal memory ntedium. The quantity of this reproducing 
signal conresponds with the reproducing power of the 
-light beam projected onto the optical memory mediunx 10 

Then tfie control signal output section calculates a 
mean vahje of an ampfitude of the reprodudng signal, 
and, t>ased on this mean value, produces a first control 
signal. The first control sigral is produced on the basts 
of the mean of the ampfitude value, arxi thus con-e- is 
sponds with the quantity of the reproducing signal from 
tfie optical memory mecfium. 

Then the reproducing power control section, based 
on the first control signal, controls the reproducing 
power of the fight beam projected onto the optical meno- 20 
ory medium by the reproducing signal production sec- 
tion. In other words, the reproducing power control 
section judges the quantity of the current reprodudng 
signal from the first contrd signal, and controls the 
reprodudr)g power of the light beam projected orrto the 2s 
optical memory medium by the reproducing signal pro- 
duction section in such a manner that the quantity of the 
reprodudng dgnal is a predetermined valua 

In tfiis way. the foregoing structure can always 
maintain a reprodudng power capatrfe of produdng a 30 
reprodudng signal of a predetermiried signal quantity. 
Consequently, the frequency of reacSng errors sudi as 
crosstalk can be reduced, and statue reprodudng is 
enabled. 

Further, in the foregoing structure, the control sig- as 
nal output section detects a mean value of the repro- 
dudng signal quantity, and produces the first control 
signal on tfie basis of this mean valua According^, tfie 
first control signal reflects the actual value of the repro- 
dudng signal quantity with great accuracy. Accordingly, 40 
the reprodudng power control section is enabled to con- 
trol the reprodudng power of the reprodudng signal 
production section with great accuracy. 

Inddentally. the predetermined signal quantity 
referred to atx:ve is. for exampla the optinum signal 4S 
quantity for reprodudng in the present optical reproduc- 
ing devica Further, 'signal quantity" is. tor example, the 
amplitude value of the reproducing signal. 

Furtfier, in order to attain the second object men- 
tioned above, another optical reprodudng device so 
according to the present inventton is made up of a 
reprodudng signal production section. whk:h projects a 
li£^ beam onto an optk^l memory mecfium, arxl. based 
on reflected light of the light beam, produces a repro- 
dudng signal corresponding to recorded marks ss 
recorded in the optical memory medium: a digital signal 
output section, which outputs digital signals corre- 
eponcfing to the reproducing signal; a demodulatkm 



section, which demodulates tf)e digital signals; and a 
reprodudng pcwer control sectton. which, based on the 
digital signals, controls reprodudng power of the repro- 
ducing signal productton sectk>n; in which the digital dg- 
nal output section is made up of a dock signal output 
section, which outputs a dock signal in accordance with 
the nxxlulatbn method of the recorded marks, the 
deoKxIulation metfKXl of the demodulatfon sectk)n, and 
the control method of the reproducing power control 
section; and a d'^ital signal produdng sectx>n. whk;fi. 
based on the dock signal outputted by the dock signal 
output sedton. samples the reprodudng signal and pro- 
duces digital signals. 

In the foregoing structure, the reprodudng sigrial 
productkxi sectkxi projects a light beam onto the optk:al 
memory mediunrv and produces a reprodudng signal 
according to recorded marks recorded in the optfoal 
menx)ry medium 

Further, the digital si^ial output section includes a 
dock signal output sectfon. wfvch produces a dock sig- 
nal based on the reprodudng signal. This dock signal is 
a dock signal which is in accordance with the moduia- 
tkxi metfxxJ of the recorded marks, the denrxx^atkxi 
nriethod of the denrxxJulatfon section, and the control 
metfiod of the reprodudng power control section. Then 
the digital signal produdng section, teased on tfie dock 
signal, produces digital signals con^espondhig to tfie 
reprodudng signal. 

Typically, the timing of sampling for production of 
digital signals suitat)le for demodulating t>y a denxxfula- 
tfon section is determined by the nxxfulation metfiod of 
the recorded marks and the demodulatfon method of 
the demodulation sectknt Furtfier. the timing of sam- 
pling tor production of digital signals suitat)le for repro- 
dudng power control is determined by the modUatfon 
metfiod of tfie recorded marks and the control metfiod 
of tfie reproducing power control section. In addition, 
the timing of sampfing is determined by a dock signal 

For these reasons, the dock signal output sectfoa 
giving conskieratfon to tfie foregdng modulatfon 
metfiod, demodulation, and control metfxxl, produces a 
dock signal capable of produdng both of tfie foregoing 
digital signals. Tfvs dock signal may be two different 
dock signals, or it may be a single dock signal capable 
of produdng kx>th of the foregoing digital signals. 

Next, the digital signal proc&jdng section, based on 
tfie dock signal outputted by the dock signal output sec- 
tfon, produces the digital signals for outputting to the 
demodulation section and the digital signals for output- 
ting to the reprodudng power control sectfon, arxi out- 
puts these digital dgnals to the demodulatfon sectfon 
and the reprodtdng power control section, respectively. 

Accordingly, with the foregoing structure, even if tfie 
timing of sampfing for produdng the digital signals for 
demodulation differs from the timing di sampling for pro- 
ducing the digital signals suited to reprodudng power 
control, (t is possO^le to perform accurate reprodudng 
power control and demodulation with a fow error rata 
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Additional otijects, features, and strengths of tfie 
present invention will t>e made dear by the description 
below. Further, the advantages of the present invention 
wiO be evident from the kUkmvg explanation in refer- 
ence to the drawings. 5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an explanatory drawing showing the 
structure of a magnetic uHra high resolution optical w 
reproducing device according to the first embodiment of 
the present invention. 

Figure 2 is an explanatory drawing showing the 
structure of a magnetCHsptical disk for reproducing by 
the optical reproducing device shown in Figure 1 . is 

Figure 3 is an explanatory drawing showing the 
structive of sectors formed in the magnefthoptical (fisk 
shown in Figure 2. 

Figure 4 is an explanatory drawing shcMring short 
marks and k>ng marks formed in the magneto-optical 20 
disk shown in Figure 2. 

Figure 5 is an explanatory drawing showing the 
structure of a short mark level detecting circuit in the 
optical reproducmg device shown in Figure 1. 

Figure 6 is an explanatory drawing shewing the 25 
structure of a shift register in the short mark level 
detectirig circuit shown in Figure 5. 

Figure 7 is an explanatory drawing shelving the 
structure of a long mark level detecting circuit in tfie 
optical reprodudrig device shown in F^rel. so 

Figure 8 is an explanatory drawing showing the 
structure of a shift register in the k>ng mark la^el detect- 
ing circuit shown in Figure 7. 

Figure 9 is an eoqplanatory drawing showing sam- 
pling by an M) converter of an analog reproducing sig* 3s 
nal oblabied from a short mark recording domain of the 
magneto-optical disk shown in Figure 2. 

Figure 10 is an explanatory drawing showing sam- 
pling by an A/D converter of an anak)g reproducing sig- 
nal obtained from a long mark recording domain of the 40 
magneto-optical disk shown in Rgure 2. 

Figure 11 is a graph showing the results of meas- 
urement of the relationship b^een (0 a mean number 
of bytes of ttie magneto-optical disk short marks and 
long marks shown in Figure 4 arxi (ii) preciskm of a 45 
mean ampfitude ratio detected k>y the optical reproduc- 
ing devk^ shown in Figure 1. 

Figure 12 is a graph showing the results of meas- 
urement, in the optical reproducing devrce shown in Fig- 
ure 1 , of the relationship between (i) reproducing power so 
of the senuconductor laser and (ii) the BER of binarized 
data obtained from the data reprodudng drcuit; and of 
the relationship between (i) the same reproducing 
power and (Oi) a mean ainplitude ratio cak:ulated by the 
division circuit. ss 

Figure 13 is a gr^ showing tfie results of meas- 
urement of the relationship between (0 a m^ number 
of bytes of short marks and of bng marks bi a magneto- 



optical disk whose modulation metiiod is NRZI modula- 
tion and (ii) preciskm of a mean amplitude ratio detected 
by ttie optical reproducing device shown in Rgure 1 . 

Rgure 14 is a graph showing the results of meas- 
urement when reproducing a magneto-optical disk 
whose modulation mettxxf is NRZI modulation in the 
optical reproducing device shown in Figure 1, of ttie 
relationship between (0 reproducing power of ttie semi- 
conductor laser and (S) ttie BER off binarized data 
obtained from tfie data reproducing circuit: and of the 
relationship between (i) the same reprodudng power 
and (iii) a mean amplitude ratio cateulated by the divi- 
sk>n circuit. 

Rgure 15 is an explanatory drawing showing short 
marks recorded by means of (1,7)RI-L modulation, and 
sanding of an anatog reprodudng signal correspond- 
ing to these short marka 

Rgure 16 is an explanatory drawing shamng long 
marks recorded by means of (1.7)RLL modulation, and 
sampling of an analog reprodudng signal correspond- 
ing to ttiese long marks. 

Rgure 17 is an explanatory drawing shewing short 
marks recorded tiy means of NRZI modulation, and 
sampling of an analog reprodudng signal conrespond- 
ing to ttiese short marks. 

Rgure 18 is an explanatory drawing showing tong 
marks recorded by means of NRZI modulatioa and 
sampling of an analog reprodudng signal correspond- 
ing to these long marks^ 

Figure 19 is an explanatory drawing sfiowing the 
structure of an optical reprodudng device accordnig to 
the second emtxxJiment of the present inventioa 

Figure 20 is an explanatory drawing showing tfie 
structure of a magnetOK)ptical disk for reprodudng by 
ttie optical reprodudng devk^e shown in Figure 19. 

Figure 21 is an explanatory drawing showing tfie 
structure of sectors formed in the magn^o-optical disk 
shown in Figure 20. 

Figure 22 is an explanatory drawing showing short 
marks and kxig marks formed in the magneto-optical 
disk shown in Figure 20. 

Rgure 23 is an explanatory drawing showing dock 
signals produced by a first dock produdng drcuit and a 
second dock producing drcuit in ttie optical reprodudng 
device sfiown in Fi^e 19. 

Figure 24 is an e99>lanatory drawing showing tfie 
relationship t}etween the foregoing dock signals and 
analog reprodudng signals corresponding to the fore- 
gdng sfx>rt marks and k>ng marks* which are sampled 
in accordance witti the dock signals. 

Rgure 25 is an esqslanatory drawing sfiowing. in tfie 
optk^ reprodudng device shown in Figure 19. sam- 
pling by an A/D converter of an anatog reprodudng sig- 
nal corresponding to sfiort marks, and of an anatog 
reproducing signal oorresporxflng to long marks. 

Rgure 26 is an e)9)lanatory drawing sfiowing the • 
structure of an optical reprodudng device according to 
the third erribodiment of tfie present invention. 
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Rgure 27 is an explanatory drawing for coinparing 
a clock signal produced by a doited clock producing 
droit in the optical reproducing device shewn in R^re 
26 with the ckxdc signals shown in Figure 23. 

Rgure 28 is an explanatory drawing showing pro- 
duction of digital reproducing signals an A/D con- 
verter in the optical reproducing device shown in Rgure 
26, when an anak)g reproducing signal corresponcfing 
to recorded marks with a mark length of 2Tc is inputted. 

Rgure 29 is an explanatory drawing showing pro- 
ductk>n of digital reprodudng signals t>y the foregoing 
A/D converter, wfien reprodudng digital data made tp 
of a random pattern of recorded marks of various mark 
lengtfis. 

Figure 30 is an explanatory drawing scfiematically 
showing the structure of a conventional optical repro- 
ducing device 

Figure 31 is an eocplanatory drawing schematically 
shomng the structure of arKTther conventk)n^ optkal 
reproducing devca 

Rgure 32 is an explanatory drawing showing the 
timing of sampling, suited to PR(1,2.1}ML nxxiulatkm. 
of a reproducing signal obtained by reproducing a pat- 
tern of repeated recorded maris 2Tc in length using the 
optical reproducing devk;e shewn in Figure 31 . 

Figure 33 is an explanatory drawing showing the 
wave-form of a reproducing signal corresponcfing to 
recorded marks ITc in length. 

Figure 34 is an explanatory drawing showing the 
wave-form of a reproducing signal corresponcfing to a 
pattem of repeated recorded marlts 2Tc in length. 

DESCRIPTION OF THE EMBODIMENTS 

[FIRST EMBOOn^EhTTl 

The first enrtxxfiment of the present inventk>n wiB 
be explained betow. 

Figure 1 is an explanatory drawing showing the 
structure of a magn^ ultra high resohitton optical 
reproducing devk^e (hereinafter referred to as *1he 
present reprodudng device"). As shown in the Figure, 
the present reprodudrig devk:e is made of an optical 
head 2, a dock producing drcuh 4, an A/D converter 5, 
a short mark level detecting drcuit 6. a tong mark level 
detecting drcuit 7, a data reproducing drcuit 8. a (fivi- 
sk>n drcuit 9, a differential ampOf'ier 10, a reprodudng 
power control drcuit 11. and an error correcting drcuit 
14. Further, the magneto-optical cfisk 1 shown in Rgure 
1 is an optical memory medium to be reproduced by the 
present reprodudng device 

Pnor to explaining the structure of the present 
reprodudng device, tf)e-structure of the magr)eto-opti- 
cal disk 1 will first be explained, in the magrteio-optical 
disk 1 various data is recorded by (1 ,7)RLL (Run Length 
Limited) niKxfulatk>n. Figure 2 is an explanatory drawing 
showing the structure of the magneto-optk^al cfisk 1. As 
shown in the Figure, a recording track 21 is formed in 



the shape of a drcular band concentric with the drcular 
magneto-optical disk 1 . Further. In the reoordir^g track 
21 are successively formed a plurality of sectors 22. 
Figure 3 is an explanatory drawing showing the 
5 structure of a sector 22. As shmn in tfie Figure, in each 
sector 22 are formed a sfiort mark recording domain 23, 
a bng mark recording domain 24, and a data recording 
dom^2S. 

The short marie recording domains 23 (reproducing 

10 power control domains) are domains in which are 
formed short marks, whk:h are matUs for reorockidnq 
jpower c o ntrol\ "lfhe long marK recording domains 24 
(reproducmg power control domains) are domains in 
whk^ are formed k>ng marks, whk;h are also marks for 

IS reprodudng power control. The data recording domains 
25 are domains In whk:h the user's desired data, nrxxiu- 
lated by (1 .7)RLU is recorded as digital data. 

Rgure 4 is an explanatory drawing showing the 
short mariG and the long marks, at (a) and (b), respec- 

20 tively As sfxnwn in the Rgure, in the short nrark record- 
ing donriain 23. short nriarks having a niark length of 2Tc 
(Tc b&ng the length of a channel bit) are successively 
formed at an interval of 2Ta In the same way, in the tong 
mark reoonfing domain 24, k>n9 marks having a mak 

25 length of 8Tc are successively lonned at a mark interval 
erf BTc. In what fbUows. ttie mimber of sfx>rt marks arxi 
k>ng mart® formed in the short mark recording domain 
23 and the k>ng mark recording domain 24 wOl t>e N 
marks and M marks, respectively (N and M being prede- 

30 termined natural numbers). 

The folk3wir)g vmH explain each of the structures of 
the present reprodudng devk:e, sfrown In Figure 1 . 

The optk:al head 2 includes a semiconductor laser 
12 and a pholodkxie 13. The senruconductor laser 12 

35 (reprodudng signal productkxi setiSm: li^ beam pro- 
jecting sectk>n) projects a light beam onto the recording 
track 21 of the magheto-optx^al disk 1 at a predeter- 
rraned reprodudng power. The photodiode 13 (repro- 
dudng signal productkxi section; light receiving sectk)n) 

40 receives figfit reflected from each of the domains 23 
through 25 of the sector 22. and produces and outputs 
an anak)g reprodudng signal corresponcfing to fh&s 
refleded light 

In what folksws, this anak)g reproducing signal 

45 obtained from ttie magneto-optical disk 1 wiO be 
referred to as the 'analog reprodudng signal." 

The dock produdng drcuit 4 (contrd signal output 
section), by means of PLL (Phase Locked Loop), pro- 
duces a dock signal synchronized with tfie channel bit 

50 frequency of the analog reprodudng signal, and outputs 
this dock signal to tlie A/D converter 5. 

The A/D converter 5 (control signal output sectk)n; 
amplitude value detecting sectx>n) receives the anak>g 
reprodudng signal and the dock signal, samples the 

55 analog reproducing signal on the basis of the dock sig- 
nal, and produces digital signals corresponding to the 
value of the analog reprodudng signal at each sampGng 
pdnt The A/D converter 5 tfien sends these digital dg- 
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nals to the short mark level detecting circuit 6, the long 
mark level detecting drcurt 7. and ttie data reproducing 
drcint 8. In what follows, the (figltal signals corresporvl' 
Ing to each sampling point will t>e referred to as the "dig- 
ital reproducing signals." SampGng of the anak)g 
reproducing signal t>y the A/D converter 5 wiO t)e dis- 
cussed later. 

Based on the digital reproducang signals received 
from the A/D converter 5, the short mark level detecting 
circuit 6 (control signal output sectk>n; mean value pro- 
ducing sectkm; first mean value cak;ulating sectk)n) cal- 
culates a mean value of all of the maximal values of the 
anatog reproducing signal obtained from the entirely of 
a single short mark reoorcfing domain 23. and calculates 
a mean value of all of the minimal values of the same 
anak)g reproducing signal. Then, on the basis of these 
two mean values, the short mark level detecting circuit 6 
cak:ulates a mean amplitude value for the anak)g repro- 
ducing signal obtained from that single short mark 
recorcfing domain 23 (short mark ' mean amplitude 
value). 

Figure 5 is an explanatory drawing showing the 
structure of the short mark level detecting circuit 6. As 
shown in the Figure, the short mark level d^eclirig dr- 
cuit 6 is made up of a sluft register 31, addition circuits 
32 arxl 33, division drcuils34arK!35, and a subtractkm 
drcuit 36. 

The shift register 31 is a shift register of 4N stages. 
Figure 6 is an explanatory drawing shewing the struc- 
ture of tfie shift re^ster 31. As shown in the Figure, the 
shift register 31 is made up of 4N cells, lrx;luding cells 
dso through ds4^^^. The shift reg^er 31 stores the 
values of the dig^ reprodudng signals obtained from 
the single short mark recorcfing domain 23 arxJ sent 
from the A/D converter 5 for each dock signal outputted 
lay fhe dock produdng drcuit 4, in order, in cells dSo 
through d54(N-i>3. 

The addition drcurts 32 and 33 add the digital 
reprodudng signal values stored in predetermined cells 
of tfie shift register 31, arxl output tfie total values 
obtained tfiereby. TT)e diviskxn circuits 34 and 35 cfivide 
t)y N tf)e total values received from the addition drcuHs 
32 and 33, respectively, and send the respective cfivided 
values to the sut^traction drcuit 36. In the subtraction 
droit 36, the divided value received from the dMsk>n 
circuit 35 is subtracted from the cfivided value received 
from the divisk>n drcuit 34, and tfie resulting value is 
sent to the division drcuit 9 shown in Figure 1 . 

Cak^ulation of the sfiort mark mean anriQlftude value 
the short mark level deeding drcuit 6 will be dis- 
cussed later. 

The long mark level detecting circuit 7 (control sig- 
nal output section; mean value produdng section; sec- 
ond mean value c alcula tij^g^ s^tion), based on the 
digital reprodudng signals received from the A/D con- 
verter 5, cak»lates a mean value of all of the maximal 
values of the analog reprodudng signal obtained from 
the entirety of a single long mark recorcfing domain 24, 
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and calculates a mean value of an of the rrv'nimal values 
of the same anatog reprodudng signal. Then, on the 
basis of these two mean values, the tong mark level 
detecting drcuit 7 cateulates a mean ampGtude value for 
the analog reprodudng signal otjtained from tfiat single 
kxig mark recording domain 24 Oong mark mean ampO- 
tude value). 

Figure 7 is an explanatory drawing showing the 
structure of the k>ng mark level detectvig drcuit 7. As 
sfx)wn in the Figure, the tong mark level detecting drcuit 
7 is made up of a shift register 41. ^kfition drcuits 42 
and 43, division drcuits 44 and 45, and a siMractkHi cir- 
cuit 46. 

The shift register 41 is a sfilft re^er of 16M 
stages. Figure 8 is an explanatory drawing showing tfie 
structure of the shift register 41 . As shown in the Figure, 
the shift regster 41 is made up of 1^ cells, induding 
cells dio tfirough dli6(M.i}i-i5- "f^e shift register 41 stores 
the values of the cfi£^ reprodudng signals ot)tained 
from the single long mark recording domain 24 and sent 
from tfie A/D converter 5 for each dod( signal outputted 
t>y the dock produdng drcuit 4, in order, in cells dlo 
through dli6(M.i)|.i5- 

The addrtkHi circuits 42 and 43 add the digital 
reprodudng signal values stored in predetermined ceOs 
of the shift register 41, and output tfie total values 
obtained thereby. The diviskHi drcuits 44 and 45 divide 
by 4M the total values received from tfie ad(fitk)n drcuits 
42 and 43. respectively, and send the respective divktod 
values to the subtractk)n drcuit 4a In the subtractk>n 
drcuit 46, tfie divkled value received from tfie diviskxi 
drcuit 45 is sut)tracted from the divided value received 
from the division drcuit 44, and the resulting value is 
sent to the division drcuit 9 shown in Figure 1 . 

Cateulatx)n of the k>ng mark mean amplitude value 
by the tong mark level d^ecting drcuit '7 will be dis- 
cussed later. 

The data reprodudng circuit 8 (binarized data pro- 
dudng sectkxi) detects the level of, among the digital 
reprodudng signals received from the A/D converter 5, 
ttie signal obtained from tfie ligfit reflected from tfie data 
recording domain 25. In other words, the data reproduc- 
ing drcuit 8 produces binarized data corresponding to, 
among the digital reprodudng signals received from the 
A/D converter 5, the signal obtained from the data 
recording domain 25. 

The civisk)n circuit 9 (control signal output sectk>n; 
control signal produdng section) receives the sfiort 
mark mean amplitude value arxi the tong mark mean 
a mplitude value sent from the sfiort mark level detecting 
drcuit 6 and the tong mark level detecting drcuit 7, 
respectively, and calculates an outputs a ratto betwe^ 
these two mean ampBtude values (mean amplitude 
ratio; first control signal). 

The differential amplifier 10 (reprodudng power 
control section) compares the mean amplitude ratto 
received from the diviston drcuit 9 with a standard value 
received from a standard value produdng drcuit (not 
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shown), and outputs the result off this conparison (the 
difference of the mean anplrtude ratio and the standard 
value; second control signaQ. The mean amplitude ratio 
is in accordance with the signal quantity off the analog 
reproducing signal, i.e., with the size off the aperture in 
the reproducing layer off the magneto-optical disk 1. 

The starxiard value is. for example, the value off a 
mean amplitude ratio detected when the present repro- 
ducing device peiforms reproducing at a reproducing 
power with which the bit error rate is minimized. i.e., \he 
optimum reproducing power. Alternatively, the starxlard 
value may be a medan value off a preferable range for 
the mean ampfitude ratio. In the present reproducing 
device, a slaridani value off this kind is measured in 
advance, and stored in a memory device (not shown). 

The reprodudng power control drcurt 1 1 (reproduc- 
ing power control section: reproducing power acifjusting 
sectkxi) SippGes driving current to the senruconductor 
laser 12. and. by controlling the anperage off the driving 
current, controls the reprodudr^g power of the senrucon- 
ductor laser 12. The reprodudng power control drcuit 
11 receives the result off comparison ffrom the diffferen- 
tial amplifier 10. and controls the driving current sup- 
plied to the semiconductor laser 1 2 so as to reduce the 
at)solute value off tNs comparison result 

The error correcting drcuit 14 (error correcting sec- 
tion) is a drcuit for correcting errors in the binarized data 
outputted by the data reproducing circuit 8. The enror 
correcting drcuit 14 is capable off correcting enrors in the 
binarized data with certainty when tffie t)rt error rate 
(BER) thereof is 1E-4 (1x10~^ or less. 

The following wiD explain fhe operations off ttie 
present reprodudng devk» when reprodudng the mag* 
neto-optical cfisk 1. 

During reproducmg, reprodudng t>e^ns with the 
short mark recorcfing domain 23 off the sector 22. In 
otiier worcte. the fight t>eam projected t>y the serrdcon- 
ductor laser 12 is ffirst projected, at a predetermined ini- 
tial reprodudng power, onto the short mark recording 
domain 23. This initial reprockidng power is as fbUows. 
When tffie reproducing power control circuit 11 is not 
receiving a feecfl>ack signal from the differential ampli- 
fier 1 0, the reprodudng power control drcuit 1 1 supplies 
a previously set initial drivirig currerit to the semicoriduc- 
tor laser 12. In otffier words, tffie initial reprodudng power 
off the senrvconductor laser 12 is a reprodudng power 
obtained in accordance with the initial driving current 

Light reflected from ttie short mark recording 
donravi 23 is received by the photodode 13. which pro- 
duces an anatog reprodudng signal, which is sent to the 
clock produdng drcuit 4 and the A/D converter 5. The 
dock produdng drcuit 5 prochices arxi outputs to the 
A/D converter 5 a dock signal synchronized with the 
channel bit frequency of the anak>g reprodudng signal. 

In accordance with the timing off the dock signal 
oulputted by the dock produdng drcuit 4. the A/D con- 
verter 5 produces digital reprodudng signals from the 
anatog reprodudng signal, and outputs the digital repro- 



dudng signals to the short m^k level detecting drcuit 6. 
Figure 9 is an explanatory drawing showing sampling by 
the A/D converter 5 of an anatog reprodudng dgnal 
obtained from the short mark recording domain 23. In 

5 the Figure, sampling points are incficated by "O-" 

As shown in Figure 9, ft\e sampling points sampled 
by the A/D converter 5 are of four types: an upper peak 
off the anatog reprodudng signal, a tower peak, and two 
pdnts intermediate between these peaks. In what fbl- 

10 tows, as shown in the Figure, tfieiipper peak point of the 
analog reprodudng signal will be indicated as sampling 
pdnt S4j, the intermediate pdnt passed when traveling 
from the upper peak point to the tower peak point as 
sampling pdnt s^^^, the tower peak point as sanrpfing 

IS pdnt S4^.2, and tfie intermediate point passed when 
traveling from the tower peak point to tfie ifsper peak 
pdnt as sampfing point S4i^. Here, 1 = 0. 1. .... N-1. 

The A/D converter 5 converts the ^ue off the ana- 
tog reprodudng signal at each off these sampling points 

20 to a digital reproducing sigrial, and successively outputs 
each of these d^tal reprodudr)g signals. In other 
words, for e^ery four sampTing points, an upper peak 
pdnt, a lower peak point, and two intermecfiate points off 
the analog reprodudng signal are outputted. 

2S Upon receiving the (figital reprodudng signals out- 
putted by the A/D converter 5, the short mark level 
detectir^ drcut 6 stores these digital reprodudng sig- 
nals in the shift register 31 as foltows. fflaniely, (figital 
reprodudng signals for the sampling points So throu^ 

30 Si4^i)^ are stored in order in the ceils dso through 
d^(N.i>f3. 4N in numt)er. of tfie shift register 31 (shown 
in Figure In olher words, the digital reprodudng sig- 
nals for the sampling points S4j, s^i, s^^, and Q 
= 0, 1 (N-1)) are stored in the cells dS4i, dS4H.i. 

^ c^4h2' and dS4t^ respedivelyi The cfigital reprodudng 
stgral stored in each ceil isheU until reproducing of the 
short mark recording domain 23 is completed. 

When reprodudng off the short mark recording 
domain 23 is complete, the shift register 31 sends aO off 

40 the digital reprodudng signal values for the sampfing 
pdnts S4} (whtoh are stored In the cells dS4i), i.e., the 
ues off the upper peak points off the anatog reprodudng 
signal, to the ^ition drcuit 32. Again, tffie shift register 
31 sends alt of the digital reprodudng signal values for 

45 the sampling points S4^ (whtoh are stored in the cells 
dS4^. i.e., the values off the tower peak pdnts off the 
analog reprodudng signal, to the addition drcuit 33. 

The addition drcuit 32 adds all off the digital repro- 
ducing signal values for the sampling poirrts S4i, and 

so sends the total obtained to the diviston drcuft 34. Again, 
the addition droAt 33 adds all off the digital reprodudng 
signal values for the sampling points S4^. and sends 
the total obtained to the diviston drcurt 35. 

The division drcuft 34 divides the value received 

55 from the addition circuit 32 by N, thus obtaining a mean 
value for the sampling pdnts S4j, whtoh are the upper 
peak pdnts of the analog reprodudng signal. In wfiat 
fdtows, the mean value off the sampling pdnts S4j will be 
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referred to as Ts^poan-* Again, the division circuit 35 
(fivxtes the value received from the addition cirw^ 
N. thus obtaining a mean value for the sampling points 
S4H.2* are the lower peak points of the analog 
reproducing signal. In what follows, the mean value of 
the sampling points 841^2 ^'^^ ^ referred to as "BSmoan-" 
Next the division Circuits 34 and 35 send Ts„^ and 
Bsmoan the sutxtraction drcurt 36. The sut>traction dr- 
cuit 36 subftracts BSr^eaji from Ts^^, thus obtairnng a 
mean amplitude value for the short marks. arxJ outputs 
this value to the civiskm circuit 9. In other words, the 
subtradfon ctrcurt 36 calculates (rs„Man-BSinean)> ^ 
outputs this value to the division drcuit 9 as the short 
mark mean ampfitude valua 

After reproducing of the short mark recording 
domain 23. the fi^ beam, still projected by the semi- 
conductor laser 12 at the predeterrnned initial repro- 
ducing power, is projected onto the fong mark reoorcfing 
domain 24. Then, as with reprodud ng of the short mark 
recording domain 23, an analog reproducing signal is 
sent to the fiJD converter 5. Then the A/D converter 5. 
in accordance with the timing of the dock signal output- 
ted by the dock produdng drcuit 4, produces dgital 
reprodudng signals from the analog reproducing signal, 
and outputs the digital reprodudng signals to the fong 
mark level deeding drcuit 7. 

Figure 10 is an explanatory drawing showing sam- 
pling by the A/D converter 5 of an anafog reprodudng 
signal obtained from the long mark recording domain 
24. In the Rgure, sanrpGng points are indk^ted by "O " 

As shewn in Rgure 10, the A/D converter 5 sanv 
pies each cyde bff the anafog reprodudng signal at 16 
pointSw In what folfows. as shown in the Rgia-e, the four 
i4)per envefope points of the anafog reproducing signal 
will be indicated as sannpling points Itq, h^t, h^a, 
and t^^; the fbu- fower envefope points as \^^*8^ hi^9> 
h6|«-io* hsjfii* the four bitermediate points passed 
when traveling from the upper envefope to the k»ver 
envefope as sampling points ^^Sf^s* h^fS* 
Uei¥7'' ^ the four intennedate points passed when 
travefing from the fower envefope to the upper envefope 
as samqpling points \i^^^2* hcftia. het*-!* ^ h^is- 

Here. j = 0. 1 M-1 . The A/D converter 5 converts the 

value of the anafog reprodudng signal at each d these 
sampling pdnts to a digital reproducing signal, and suc- 
cessively outputs each of these digital reprodudng sig- 
nals. 

When it receives the digital reprodudng signals out- 
putted by the A/D converter 5, the fong mark level 
detecting drcuit 7 stores tfiese digital reproducing sig- 
nals in the shift register 41 as foflows. Namely, digital 
reprodudng signal for the sampling pdnts Iq through 
li6(M-iHi dre stored in order in the ceOs dio through 
dli6(M-iHi> number, of the shift re^ster 41 

(shown in R^re 8). In other words, the digital reproduc- 
ing signals for the sanding points 1^^ through Iiq^is 0 
o 0. 1. .... (M-1)) are stored in the ceils dl^ej through 
dlisjfis* respectively. The dgital reproducing signal 



stored in each cell is heki until reprodudng of the long 
mark recordng domain 24 is completed. 

When reprodudng of the .fong mark recordrig 
domain 24 is complete, the shift register 41 sends all of 

5 the dgital reprodudng signal values for the sampling 
pdnts l-tq through I^q^ (which are stored in the ceOs 
through d^^, i.&. the values of the upper enve- 
fope points of the anafog reproducing signal, to the add- 
tfon drcuit 42. Again, the sHft register 41 sends all of 

10 the dgital reprodudng signal values for the sampfing 
pdnts hejfstfvough l^^^^ (whfoh are stored in the ceOs 
di6}^ through di^ti)* i-^-* the values of the lower 
envelope points of the anafog reprodudng signal, to the 
addition drcuit 43. 

IS The additfon drcuit 42 adcte all of the digital repro- 
dudng signal values for the sampling pdnts tfvough 
liQf3i arxJ sends the total obtained to the division drcuit 
44. Again, the additfon drcuit 43 adds aO of the digital 
reprodudng signal values for tf)e sampltng points 

20 through . and sends the total obtalrted to the dvi- 
sfon drcurt 45. 

The dvisfon drcuit 44 drvkles tfie value received 
from the addition drcurt 42 tyy 4M, thus obtaining a 
mean value for the sampling points through 1^^, 

25 which are the upper envefope points of the anafog 
reprodudng signal In what folfows. the mean value of 
the sampfing points l^sf throu^ h ^ will be referred to 
as "Tlmean-* ^gal", the dvisfon drcuit 45 dvkJes tfie 
value received from the additfon drcuit 43 by 4M, thus 

30 obtaining a n^ean value for tf^ sampling points 1^^ 
through whfoh are tfie fower envefope points of 
the anafog reprodudng signal. In what fdfows, the 
mean value of the sampling points ItQ+e through he^^-n 
wifl be referred teas "Bl„^." Next, the divisfon drcults 

35 44 and 45 send Tlfnean and BImean to the subtraction dr- 
cuit 46. The subtractfon drcuit 46 subtracts Bln^an 
l\gnouu thus obtairnng a mean amplitude value for the 
fong marks, and outputs this ^ilue to tfie divisfon drcuit 
9. In other words, the subtraction drcuit 46 cafoulates 

^ (T\Tiean'^mean)* ^ outputs this vafoe to the divlsfon 
drcuit 9 as the fong mark mean amplitude valua 

After receiving the sfKxt mark mean amplitude 
value and the fong mark mean amplitude value, tfie 
divisfon drcuit 9 cafoulates and outputs tothe dffer- 

45 ential amplffier 10 a mean arrpfitude ratfo, whfoh is 
a ratfo between the two mean amplitude values. In 
other words, the division drcuit 9 cafoulates 
(Ts^-Bs^/(n^-BI^), and outputs this 
value to the differential amplffier 1 0 as the mean ampG- 

50 tude ratfo. 

The differential amplifier 10 compares the mean 
amplitude ratfo received from the division drcurt 9 with a 
standard value, and outputs the result of this compari- 
son to the reprodudng power control drcuit 11. Then 

55 the reprodudng power control drcuit 11 controls the 
driving current of the semicorvjuctor laser 12 in such a 
way that feedt>ack reduces the value of the comparison 
resuH. By this means, the senfuconductor laser 12 
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prcjects the light beam at an optimum reproducing 
power. 

After reproducing of the long mark recording 
domain 24. the fight l>eam. now projected by the semi- 
conductor laser 12 at an optimum reprodudng power, is s 
prcjected onto the data recording domain 25. Then, as 
with reproducing of the short mark recording domain 23 
and the tong mark recording domain 24, an anak)g 
reproducing signal corresponding to the digital data of 
the data recording domain 25 is sent to the A/D con- 
verter 5. 

The A/D converter 5 performs a predetermined A/D 
conversion of the analog reproducing signal, thus pro- 
dudng di^ reproducing signals, which are sent to the 
data reproducing ctrcurt 8. The data reproducing drcuit 
8 produces t>inarized data based on the distal repro- 
ducir^g signals, arxJ serxis the binarized data to the emx 
con'ecting drcuit 14. The error correcting circuit 14 cor- 
rects errors in the l>nnarized data, and serxis it to a bina- 
rized data processing devk^e (not shown). Thereafter, 
on the basis of the binarized data. informatk>n conre- 
sponding to the digital data is reproduced. 

When reproducing of the data recording domain 25 
Is completed, thus corrpleting reprodudng of a single 
sector 22, another sector 22 aciQacent thereto is repro- 
duced in the same way. In reprodudng this sii)sequent 
sector 22, too, the driving current supplied to the semi- 
conductor laser 12 is first controlled so that the repro- 
dudng power thereof is optimum, and then the data 
recording domain 25 is reproduced. 

As discussed above, in the present reprodudng 
devk:e. in oider to cateulate amplitude values for the 
short marks arxi \ong marks, analog reprodudng sig- 
nals corresponcfing to a predeterrrnned number of short 
marks and long marks are sampled. arxJ a short mark 
mean amplitude value and a long mark mean amplitude 
value are cateutated. Then, a ratk) l>^een the short 
mark mean amplitude value and the tong mark mean 
arrplHude value; i.e., a mean amplitude ratia is calcu- 
lated, and reprodudng power control is performed on 
the t>asts of this mean amplitude ratkx 

By this means, the error in the value of the mean 
ampTitude ratfo calculated can be ^eatly reduced, and 
thus the error in oontrd of reprodudng power t)y the 
reprodudng power contrd drcuit 11 can be greaDy 
reduced. Aoconfingly, with the present reprodudr)g 
device, reproducing with an optimum fight beam can be 
performed. 

In additfon, in the magneto-optical cfisk 1 , the short 
mark recording domains 23 and tong mark reoorcfing 
domabis 24 are provkJed in each sector 22. Further, 
when each sector 22 is reproduced, the driving current 
suppfied to the semiconductor laser 12 is controOed so 
that the reprodudng power of the semiconductor laser 
12 is optimum for that sector 22. 

In this way, with the present reproducing devx^ 
reprodudng power control of the semioorxluctpr laser 
12 is performed with a short time interval. Accordingly, 



even if the environment in which the present reproduc- 
ing device is placed cfianges in a short time, causing 
the optimum reprodudng power of the semiconductor 
laser 12 to fluctuate in a short time, the reprodudng 
power of the semiconductor laser 1 2 can always be corh 
trolled to an optimum level. In other words, with the 
present reprodudng device, control of the reprodudng 
power of the semiconductor laser 12 can resporxJ to 
rapkJ fluctuatfons in the optimum reprodudng power. 

The fdlowing wiD explain the predsfon of control of 
the reprodudng pcwer of the semkxKxJuctor laser 12 in 
the present reprodudng device. This preddon depends 
on tfie precision of ttie comparison result outputted by 
the differential ampfifier 10, and this comparison result, 
in turri. depervis on the precision of the mean 
amplitude ratk) cafoulated t>y the (fivisfon drcuit 9. Fur- 
ther, the precision of the mean amplitude ratfo 
(Ts^-Bs„,,^^- Bt^) depends on the 
mean nuni)er of bytes of short marks and of long 
marks. 

As mentfoned above, the error correcting drcuit 14 
of tfie present reprodudng device is capatile of correct- 
ing errors with certainty when the bit error rate (BER) of 
the binarized data received from tfie data reprodudng 
drcurt 8 is 1E-4 (Ixior^ or less. In other words, it is 
preferable iftheBERofthe binarized data received from 
the data reprodudrig drcuit 8 is within this ranga 

Fnirther, In order to keep the BER of the binarized 
data within this range, it is preferatsle if the size of tfie 
aperture formed on the magneto-optical disk 1 Ijy tfie 
present reprodudng device is always within a predeter- 
mined size range. Further, at a constant arTt>lent tem- 
perature, the size of the aperture corresporxis with the 
reprodudng power. Accordingly, ftcanbesakltfial,ata 
constant amtMent temperature^ there is a reprodudng 
pcwer range capable of keeping the size of tfie aperture 
within a predeterrrened ranga 

Furtfier, control of reprodudng power by the repro- 
(fcidng power control circuit 11 is performed in such a 
way that the reprodudng power is at an optimum level, 
txjt as mentioned atxve, tfus control is based on the 
conrqparison result outputted by the differential anplif ier 
10. This comparison result indudes an error of a size 
corresponding to an error induded in the mean ampfi- 
tude ratio catoiiated by tfie division circuit 9. Accord- 
ingly, the control performed k>y tfie reproducing power 
control drcuit 1 1 indudes an error equivalent to the 
enor in the comparison result of the cfifferential amplifier 
10. 

Accordingly, it is preferable if the error of the com- 
parison result outputted by the differential amplirier 1 0 is 
within a range wfiich ensures tfiat the reprodudng 
power produced tfie reprodudng power control cir- 
cuit 11 is within the prefer^e reproducing power range 
mentioned abova 

The comparison result of the differential amplifier 
10 is obtained from the standard value and tfie mean 
amplitude ratia Further, the starxiard value *is the value 
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of a previou^y detected mean ampGtude ratia Accoiti- 
ingly, rt can be said that the error in the connpanson 
result of the differential amplifier 1 0 is double the enor of 
the mean anplitude ratio outputted by the division cir- 
cuit 9. 5 

Accordingly, if the enor in the mean ampfitude ratio 
outputted by the division circuit 9 is no more than one- 
half of the allowable range of error in the conparison 
result of the differential ampfifier 10, the BER of the 
tM'narized data outputted by the data reproducing circuit io 
8 can k>e held to 1 E-4 or less. Furthermore, the range of 
error of the mean anplitude ratio corresponds with the 
mean number of bytes of short marks and of long marks 
in the short mark recording domain 23 and the kxrg 
mark recording domain 24, respectively. In light of this is 
fact, the fblk)wing will explain tf>e range of error in the 
mean amplitude ratio and the preferable mean number 
of bytes of short marks and of k)ng markSw 

Figure 11 is a graph showing the results of meas- 
urem^ of the relationship between a mean number of 20 
bytes K of short marks and of long marks in the mag- 
netOHoptical disk 1 and tfte precision of the mean ampli- 
tude ratk) detected by the present reproducing devica 

As mentkMied above, the short and tong marks 
measured here were recorded by means of (1.7)RLL 25 
modulatx>n. Further, in tfie Figu'e, preQsk)n of the 
mean amplitude ratio is shown as a standard deviation. 
This standard deviatk>n was obtained from the distribu- 
tion of tfie results of detection of mean amplitude ratio 
100 times (the results of 100 reproductk>ns of sectors 30 
22), and the size of the standard deviation corresponds 
to the size of the distraxitx)n, i.e., the predsnn of the 
detected mean amplitude ratk)& 

Figure 12 is a graph showing tfie results of meas- 
urement of the relationship t>etween reproducing power 3S 
of the semiconductor laser 12 and the BER of Ihe bina< 
rized data obtained from the data reproducing drciBt 8. 
and of tfie relationship between reproducing power and 
the mean amplitude ralk> calculated by the dMsion cir- 
cuit 9. These measurements were made at a constant 40 
ambient temperature. 

As Figure 12 shows, the reproducing power at 
wfiich the BER is 1 E-4 or less is approximately 2.10mW 
to 2.68mW. In other words, the preferable reproducing 
pcwer range at this ambient temperature is approod- 45 
mately 2.10mW to 2.68mW. Further, when the repro- 
dudng power is witfiin tNs range, the mean arrpCtude 
ratio is witfiin a range from 0.14 through 0.28. In other 
VMxds, tfie mean amplitude ratk> is 0.211O.07. and the 
standard value inputted to the differential airpGfier 10 is so 
0.21. 

Accordingly, at this annbient temperature, the repro- 
ducing power control circuit 1 1 controls the reproducing 
power so that the mean airplitude ratios approach 0.21 . 
Thus it can be seen that the alkTwable range of error in ss 
control performed by ttie reproducing power control cir- 
cuit 11. i.e., the aIlowat>le range of error in the compari- 
son result of the differential amplifier 10, is ±0.07. 



Accordingly, it can t)e seen that the aHowable range of 
error in the mean airpGtude ratio outputted by tfie divi- 
sion circuit 9 is ±0.035 (±0.07/2) or less. 

Inckjentally, the ranges of aDowable error in the 
oorrparison result of the differential anplif ier 1 0 and the 
mean amplrtude ratio of the divisfon circuit 9 cfiange lit- 
tie even if the ssrtietH temperature cfianges. The rea- 
sons for this will be e)plained below. 

The measured results shown in Figure 12 vary 
according to ambient temperatura In other words, wfien 
the ambient temperature rises, the mean amplitude 
ratio with respect to reprodudng power sfiifts, in prind- 
pte* in the direction of tow power. Further, in such a 
case, ttie BER with respect to reproducing power also 
shifts in the direction of fow power. Accordingly, cfiange 
in ambient temperature results in almost no cfiange in 
the range of tfie mean anplitude ratio needed to keep 
the BER witfun the range of 1 E-4 or less. In addition, 
cfiange in the standard deviation of the mean amplitude 
ratio (shown in Figure 11) resulting from change In 
ambient temperature is, at reproducing powers neces- 
sary to keep the BER witfvn the foregoing range, small 
enough to be ignored. This also holds true for measure- 
ments of a magneto-optical cfisk using NRZI modula- 
tion, to be discussed k)efow. 

Accordingly, the ranges of altowable error in tfie 
comparison result of the differential amplifier 10 and tfie 
mean amplitude ratio of the division drcut 9 can be 
treated as ranges not dependent upon ambient terrper- 
ature. 

According to statistics, when a is the standard devi- 
ation of the mean anplitude ratio distribution (whk:h can 
substantially be considered a normal distribution), if 3a 
is 0.035 or less» the error in tfie mean amplrtude ratio 
has better than a 99.7% probak»6ty of falling within 
±0.035. Accordingly, in order for tfie error ki detecting 
the mean amptitude ratio to be witfiin ±0.035. it can t>e 
seen ttiat it is preferable if a is 0.0 1 1 7 (0. 035/3) or les& 
Further, from Rgure 1 1 , it can be seen that the standard 
deviation is 0.0117 or less when the mean number of 
bytes K is 5 bytes or mora Accordingly, it can be sakl 
tfiat rt is preferable if tfie mean nunber of bytes K of 
sfiort marks and of tong marks is 5 bytes or mora 

Further, as sfiown by Figure 11. if the mean number 
of tiytes K is 40 bytes or more, tfiere is almost no varia- 
tion in the standard deviation. Consequentiy. a mean 
number of bytes K of 40 bytes or less is sufficient. 

The following wOl cfiscuss the error in detecting ttie 
mean amplrtude ratio with a magneto-optical disk using 
NRZI modulation. This magneto-optical disk has tfie 
structure of the magneto-optical disk 1, except tfiat a 
pattern of repeated sfiort marks 2Tc in length, witti an 
interval between marks of ITc, is recorded in the short 
mark recording domain 23. and a pattern of repeated 
tong marks 8Tc in lengtti, with an mterval between 
marks of 8Tc, is recorded in the long mark recording 
domain 24. 

Figure 13 is a graph sfiowing the results of meas- 
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urement of the relationship between the mean nunt)er 
of bytes K* of short marts and of long marks and preci- 
sion of the mean ampiitude ratio detected by the 
present reproducing device. Here, as In Figure 11. pre- 
cision of the mean amplitude ratio is shown as a stand- s 
ard deviatioa This standard deviation was obtained 
from the dstrbution of the results of detection of mean 
arqplitude ratio 1 00 times. As shown in the Figure, if the 
mean number of bytes K* is 25 bytes or nme. there is 
almo^ no variation in the standard desnatioa w 

Figure 14 is a g^aph sfiowing the results of meas- 
urement, when reprodudng this magneto-optical disk in 
the present reproducing device, of the relationship 
k)etween reprodudng power of the semiconductor laser 
12 and the BER of the binarized data obtained from the is 
data reprodudrig circuit 8. and of the relationship 
between reproducing power arxi the mean amplitude 
ratio calculated by the (fivisk)n circuit 9. These meas- 
urements were made at a constant ambient tempera- 
tura 20 

As Figure 14 sfiows. with a reprodudng power at 
whk:h the BER is 1 E-4 or less, the mean ampTitude ratio 
is witfun a range from 0^ through 0.38. In other words, 
at this ambient temperature, the mean amplitude ratio is 
0.305cH).075. and the standard value inputted to the dif- 25 
ferential amplifier 10 is 0.305. Further, this range of 
±0.075. for the reasons explained above, changes KtHe 
according to ambient temperatura 

Accordingly, in light of the same factors consMered 
with the magnetoKiptical disk 1 recorded using (1 ,7)RLL 30 
modulation, it can t>e seen that it is preferable if the 
starxJard deviation a of the mean amplitude ratio distri- 
bution is 0.0125 (0.075/2/3) or less. Thus, it can be seen 
from Rgure 13 that the average number of bytes K* 
shouM preferably be 5 bytes or mora as 

To summarize ttie foregoing results, it is preferak)le 
if the mean number of bytes of the recorded marks for 
reprodudng power contrd is at least 5 bytes, and is suf- 
fident if It is 40 bytes or less. In other words, it is prefer- 
able ff the quantity of data recorded in each short mark 40 
recording domain 23 and long mark recording domain 
24 is 5 bytes or more and 40 bytes or less. 

Accadingiy. if 5 bytes or more and 40 bytes or less 
of recorded rmrks for reprodudng power control are 
recorded in the magneto-optfoal disk 1, reprodudng 4S 
power control can be perfonmed with sufHciently hi^ 
predskxi. and in a stiort time, without impairvig the effi- 
dency of use of the magneto-optk:al disk 1 . 

As shewn in Figure 15. with sanpling of an anafog 
reprodudng signal con'esponding to short marks so 
recorded using (1,7)RIJ. modulatfon. one if)per and 
one lower peak point are sampled for every four channel 
t)rts. Thus three arrpTitude value samples can t>e 
obtained per byte (12 channel txts). Again, as shown in 
Figure 16, with sampling of an anafog reprodudng sig- ss 
nal corresponding to fong marks recorded using 
(1,7)RLL modulatfon. four upper and four lower enve- 
lope points are sampled for every 16 channel bits. Thus 



three anplitude value samples can t>e obtained per 
byta 

As shown in Figure 17. with sampling of an anafog 
reprodudng signal corresporvfing to short marks 
recorded using NRZI modulatfon. one upper and one 
fower peak point are sampled for every three channel 
bits. Thus approximately 2.7 {=8/3) ampTitude value 
samples can be obtained per byte (8 channel bits). 
Again, as shown in Rgure 18. with sainpling of an ana- 
fog reprodudng signal corresponding to fong marks 
recorded using NRZI modulatfon. six upper and six 
tower envelope points are sampled for every 16 channel 
bita Thus three amplitude value samples can t>e 
obtained per byta 

Accordingly, with marks for reprodudng power cofv 
trd recorded t>y (1.7)RLL modulatfon. it can t>e seen 
that if at least 15 samples are made, the enror in detect- 
ing tfie mean amplitude ratio will be within ±0.035. Fur- 
ther, it can l>e seen that a number of samples of 120 or 
less is suff foient 

Hera *nunrt)er of samples'* means the number of 
ampTitude values used to catoufote the mean amplitude 
valuea 

Agaia with marks for reprodudng power control 
recorded t>y NRZI modulatfon, it can be seen tfat iff at 
least (40^), i.e., 14 samples are mada the error in 
detecting the mean amplitude ratio wiU t>e within ±0.035. 
Further, it can l)e seen Itiat a number of samples of 120 
orlessissufffoient 

Accordingly, it can t>e seen that, regardless off 
whether the modulation method of the magneto-optical 
disk is (1.7)RLL modulalion or NRZI modulation, the 
number of short marks and of fong marks shoufo each 
preferably t)e 15 onTX)re and 120 or less. 

Incidentally, it was mentioned above that the error 
correcting circuit 14 of the present reproducing device Is 
capat)le of correcting em>rs with certainty when the 
BER of the t>ir)arized data received from tfie data repro- 
ducing circuit 8 is 1 E-4 or less. This correcting abOity is 
equivalent to that of error correcting circuits used in typ- 
foal optical reprodudng devices. In other words, a BER 
of 1E<4 or less is also oonskiered preferable inconverv 
tional optfoal reprodudng devices. 

The preferable ranges of the mean numbers of 
bytes K and K* and the nunfoer of samples of the 
recorded marks for reprodudng power ctiscussed above 
may vary sfightiy depencfing on the reprodudng charac- 
teristics of the optical reproducing devfoa However, 
reprodudng characteristics of optical reprodudng 
devfoes are not thought to vary so wklely as to fan com- 
pletely outskJe these ranges. 

Further, in the present embodiment the reproduc- 
ing power of the senuconductor laser 12 iscontrdled by 
a driving current, but in actuality, reprodudng power 
also fluctuates according to ambient temperatura How- 
ever, in the present reprodudng device, since reproduc- 
ing power is controlled so tfiat the mean airpGtude ratfo 
IS constant, the reprodudng power can t>e maintained at 
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an optimum level even if the optimum level changes due 
to a change in ambient temperatura 

In Older to compensate for fluctuations in reproduc- 
ing power due to changes in ambient temperature, a 
technology known as "APC" (Auto Power Control) may s 
also be used. By performing feedback of the difference 
between a previously set reproduong power and the 
current reproducing pcwer, this technology maintains 
the reproducing power at the set reproducing power 
even if the ambient temperature diangesw In other 10 
words, the present reproducing device may t>e provided 
wHh a structure for performing APC, and the foregoing 
set repro(ftjcing power may t>e controlled k>y the repro- 
ducing power control circuit 1 1. 

Again, the present reprodudng device is structured is 
so that the short mark level detecting circuit 6 and the 
long mark level detecting circuit 7 are provkied with shift 
registers 31 and 41, respectively. In calculatffig the 
mean amplitude values Ibr the short marks arxJ the fong 
marks, tt>ese means are cak:ulated after inputting a pre- 20 
determined number of digital reproducing signal values 
into the shift registers 31 and 41 , respectively. However, 
ttiere is no need to t>e Cmited to the structure of the 
present reproducing device. 

In other words, instead of storing in a shift register 2s 
the digital reproducing signal values for the upper and 
lower peak points inputted to the sfiort mark level 
detecting circuit 6. they each may k>e cumulatively 
added, and when an of the respective values have been 
added, a short mark mean arrplitude value may be 30 
found by divkiing the respective sums tjy the number of 
samples, and then fincfing the difference between the 
two dvided values. 

In the same way, instead of storing in a shift register 
the digital reproducing signal values for the upper and 35 
fower peak points inputted to the fong mark level detect- 
ing circuit 7, they each may be cumulatively added, and 
when all of the respective values have been added, a 
long mark mean amplitude value may be found l>y divid- 
ing the respective sums by the number of samples, and 40 
then finding the difference t>etween the two cfivided val- 
ues. 

Again, the short mask level detecting drcurt 6 may 
be structured so as to extract from the dgital reproduc- 
ing signals corresponding to the short marks only the 4S 
sarrpSng points at the upper and tower peaks of the 
anafog reproducing signal, fmd a mean thereof, and out- 
put this as the sfvMl mark mean arrplHude value. In the 
same way, the fong mark 1 evel detecting drcuit 7 may be 
structured so as to extract from the digital reproducing so 
signals corresponding to the fong marks only the sam- 
pling points at the upper arxl lower peaks of the arialog 
reproducing signal, find a mean thereof, and output this 
as the fong msak mean amplitude value. 

Again, the foregoing embodiment explains repro- 55 
ductng of a magneto-optical disk whfoh uses the mag- 
netic ultra high resolution method, but memory mecfia 
which can t>e reproduced by the present reprodudr^ 



devfoe are not limited to thi& The present reproducing 
device may also be structured so as to be able to repro- 
duce magnetOK)ptical disks whfoh do not use the mag- 
netic ultra high resolution method, optfoal dsks, optical 
cards, optical tape, eto. 

Again, the recorc£ng tracks 21 of the magneto^- 
cal disk 1 are provided in the form of concentric drdes, 
txjt the magneto-optical disk 1 may instead be provided 
with tracks in ttie form off a spiral. 

In addition, the short marks and fong marks of tfie 
magneto-optical disk 1 need not be formed in advance 
in the short mark recording domain 23 arxJ the fong 
mark recording domain 24. It is sufficient if the mag- 
neto-optical cfisk 1 is provkfed with domains of a prede- 
temniined size (for example, 5 k^es or more and 40 
bytes or less) for forming of the short marks and fong 
marks. Then, prior to reprodudng, the user's desired 
recorded marks for reprodudng power control may be 
recorded in these domains 23 and 24. 

Further, in the present reprodudng devfoe. the 
short mark level detecting drcuit 6 and the long mark 
level detecting drcuit 7 perform reprodudng power corv- 
trol using ipper and fower peak points in sampling, but 
the structure of the present reproducing devfoe is not 
fimited to this. The short mark level detecting drcuit 6 
and the long mark level detecting drcuit 7 may use any 
sampling points from wfiich a short mark mean arrpG- 
tude value and a fong mark mean amplitude value can 
t>e calculated. 

In other words, the short mark level detecting drcuit 
6 and the long mark level detecting drcuit 7 may extract, 
from the distal reprodudng si^ials correspoxiing to 
the short marks and fong marks, the size of the anafog 
reprodudng signal at a predeterrnned phase (fa exanv- 
ple. the size at a phase corresponding to the shoukJer of 
the analog reprodudng signal). Thea based on the 
extracted d^ial size, the short mark level detecting dr- 
cuit 6 and the fong mark level detecting circuit 7 may 
calculate the short mark mean arrplHude value arxJ fong 
mark mean amplitude value of this anafog reprodudng 
signal. 

As discussed above, the devfoe for contrdCng 
quantity of reprodudng light in tfie first optical reproduc- 
ing devfoe according to the present invention uses an 
optical menmy medum from whfoh data recorded in a 
recording layer is reproduced by forming on a reproduc- 
ing layer an aperture smaller in diarrieter than ttie spot 
of a fight beam protected thereon, arxi Includes control 
means which control reprodudng power by detecting a 
reprodudng signal from marks for reprodudng power 
control recorded in the optical memory medium; in 
whfoh the control means control rq^odudng power on 
tiie t>asis of the reprodudng signal obtained by repro- 
dudng 5 bytes or more and 40 l^es or less of ihe 
marks for reprodudng power control. 

Further, the device for controlling quantity of repro- 
dudng light in the second optical reproducing deoce 
according to the present invention uses an optical mem- 
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ory medium from which data recorded in a recording 
layer is reproduced by forming on a reprodudng layer 
an aperture smaller in diameter than the spot of a light 
beam projected ttiereon. and iricludes control means 
which corrtrol reprodjctng power by detecting a repro- 5 
ducing signal from marks for reproducing power control 
recorded in the optical menxxy mecfium; in which the 
control means control reproducing power on the basis 
of the reproducing signal obtained by reproducing the 
marks for reproducing power control, making (40/3) or 10 
more samples and 120 or more samples thereof. 

Further, the device for controlling quantity of repro- 
dudng Rght in the third optical reproducing desnce 
according to the present invention has the structure of 
the device for controlling quantity of reproducing fight in is 
either the first or second optical reprodudng device, fur- 
ther provided with averaging means whk:h average a 
plurality of amplitude values obtained by A/D converskm 
of the reprodudng signal. 

If the recorcfing domains for the marks for reproduc- 20 
ing power control are too large, the effidency of use of 
the magneto-optical disk is Impaired. If these recording 
domains are too small, on the other hand, the distrSxi- 
tion of the calculated mean amplitude ratios is 
increased, and the error in reprodudng power control is 25 
increased. 

With the fbregdng structures of the devices for con- 
trolling quantity of reprodudng fight in the first through 
third optk:al reprodudng devk^es, Ihe recording domains 
for the nrtarks for reproducing power control are of a suit- 30 
Me size, and thus the efTidency of use of the magneto- 
optical disk can be inaeased, and suff idently precise 
control of reprodudng power is possS)le. 

Further, a first optical memory medium according to 
the present invention is an optical menrK)rymecfium from 3S 
whk^h data recorded in a recoidlng layer is reproduced 
by forming on a reprodudng layer an aperture smaller in 
(fiameter than the spot of a light beam projected ther- 
eon, in whk:h are recorded 5 bytes or more arxf 40 bytes 
or less of marks for reprodudng power control. 40 

Further, a second optical memory medium accord- 
ing to the present invention has the structure of the first 
optical memory medium, in which the marks for repro- 
dudng power control are made up of a pattem of 
repeated short marks and a pattem of repeated bng 45 
marks, and each of these patterns is 5 Kbytes or more 
and 40 bytes or less in quantity. 

Further, a third optical rnemory medum acoorcfing 
to the present invention fias tfie structure of the first 
optical memory medium, in whkrfi the marks for repro- 50 
dudng power control are provkled in each sector. 

With tile first through third optical merrKMy mecfiums 
wHh the respective foregoing structures, it is possible to 
attain tx>tti effkaent use ol the optk»l menfK)ry rnedium, 
t>y enlarging cteta recording domains, and precise ss 
reprodudng power control. Further, by provkfing record- 
ing domains for marks for reproducing power control in 
each sector, reprodudng power can be controlled for 



each sector, and thus reprodudng power control can 
respond with a short time tnten/al. According, it 
becomes poss3)le to respond to rapid fluctuations in 
optimum reprodudng power. 

[SECOND EMBODIMEmi 

The second embodiment of ttie present invention 
will be explained below. 

Rgure 19 is an explanatory drawing showing ttie 
structure of a magnetic ultra high resolution optical 
reprodudng device (hereinafter referred to as Ihe 
present reprodudng device^. As sfiown in the Figure, 
the present reprodud ng devk:e is mad e up of an optical 
head 62, an identifk:ation data reproducing drcuit 64, a 
first dock producing drcuit 65, a second dock produc- 
ing drcuit 66. a dock selectffig drcuit 67, an A/D oor>- 
verier 68, a PRML demodulating drcuit 69, an 
anrplrtude ratio detecting drcuit 70. a differential ampfi- 
fier 71 , and a reprodudng power control drcuit 72. Fur- 
ther, the magneto-optical disk 61 shewn in Figure 19 is 
an optical memory medium to be reproduced by the 
present reprodudng devk^a 

Rrst, the structure of the magneto-optk:al disk 61 
will be e)7)lained. The magneto-optical disk 61 is pro- 
vkf ed with a reprodudng layer and a reconfing layer, 
and is a magnetic ultra f^ density magneto-optical 
memory medum from wNch digital data recorded in the 
recording layer is reproduced bf forming on the repro- 
ducing layer an aperture smaller in diameter than a light 
t>eam spot projected thereon. 

Figure 20 is an explanatory drawing showing tiie 
structure of the magneto-optical disk 61. As shewn in 
the Figure, a recording track 91 is fonmed In the shape 
of a drcutar t>and concentric with the drcutar magneto- 
optical disk 61. Further, in the recording track 91 are 
successively formed a plurality of sectors 92. 

Figure 21 is an escplanatory drawing showing the 
structure of a sector 92. As shown in the Figure, in each 
sector 92 are formed a sfK)rt mark recording domain 93, 
a long mark recording domain 94. a data recorcfing 
domain 95, and an identifk:ation recording domain 9a 

The short mark recording dpmain5^93 (reprodudng 
power control domains) are domains In which are 
formed short marks, which are marks for reprodudng 
power control. The long mark recording domairts 94 
(reprodudng power control domains) are domains in 
whk;h are formed tong marks, wfiich are also marks for 
reprodudng power control. The data recording domains 
95 are domains in which the user's desired data is 
recorded as distal data. The modulatk)n metiiod for ttiis 
digital data recorded in the data recorcfing domains 95 is 
not limited to any particular modulation method, but in 
wfiat follows, it wil be assumed that distal data modu- 
lated by the (1,7)RLL (Run Length Umited) modulation 
method is recorded in the data recording domains 95. 

Rgure 22 ^ an explanatory drawing sfiowing the 
short marks and fong marks. As shown in ttie Rgure, in 
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the Song mark recording donnain 94, long marks having 
a mark length of STc (Tc being the length of a channel 
bit) are successively formed at an interval of 8Tc. In the 
same way, in the short mark recording domain 93. short 
marks having a mark length of 2Tc are successively s 
formed at a mark intend of 2Tc. In wtiat fbltows* the 
number of short marks arxj lor)g marks formed in the 
short mark recording domain 93 and the long mark 
recording domain 94 win be N marks and M marks, 
respectively (N and M being predetermined natural io 
numbers). 

The klefttificatk)n data recording domain 96 (cfisk 
information domain) is a domain in whkii are recorded 
in advance identrficatkm data for identifying the modula- 
tion method of the digital data recorded in the data is 
recording domain 95 (hereinafter the "modulation 
method klentificatbn data") and identificatk>n data for 
kJentifying the state of recording of the recorded marks 
for reproducing power control, made tp of the short and 
fong marks (hereinafter the "control mark kientfTication 20 
data"). Here, the state of recording of the recorded 
nrtarks for reproductrig power control means the sizes of 
the short mark recording domain 93 and the long mark 
recording domain 94. the mark iengtfis arxi nuirfoer of 
short and long marks recorded therein, the frequency 2S 
and phase of a dock signal suited to sampGng of an 
analog reproducing signal oorresponcfing to the short 
and long marks, etc. 

The following wiD explain each of the structures of 
the present reproducing deAce, shown in Figure 19. 30 

The optical head 62 (reproducing signal production 
section) includes a semiconductor laser 82 and a photo- 
dkxie 83. The semiconductor laser 82 (reproducing sig* 
nal procfcictfon sectfon) projects a light t>eom a onto the 
recording track 91 of the magnelo-optk^l disk 61 at a 3S 
predetermined reproducing power. The photodode 83 
(reproducing s^nal productkxi section) receives light 
reflected from each of the domains 93 through 96 of the 
sector 92 of the recording track 91. and produces and 
ou4>uts an anatog reproducing signal corresponding to 40 
this reflected Oght In what follcws. this analog reproduc- 
ing signal obtained from the m^eto-optical disk 61 will 
be refen'ed to as the "anafog reproducing signal c." 

The identificatfon data reprodudng aVcult 64 (digital 
signal output sectfon; dock signal selecting sectfon; 45 
recorded mark judging sectfon) receives the anafog 
reprodudng sigrial c produced t>y the photodfode 83, 
aixJ ot>tains the rrxxJulalfon metfKxJ identification data 
and tfie control mark identification data from the anafog 
reprodudng signal c corresponding to the klentiffoatfon so 
data reoorcfing domain 96 of a single sector 92. The 
identificatfon data reproducing drcuit 64 then identifies, 
from the two kinds of identification data, the type of 
nKxiulatfon method and tfie cfiaracteristfos of the 
recorded marks for reprodudng power control, and 55 
sends these to the dock selecting drcuit 67. In what fbl- 
lows, the type of modulatfon method and the cfiaracter- 
istfos of the recorded marks for reprodudng power 



control of the magneto-optical disk 61 identified and 
sent by the kientiffoation data reprodudng drcuit 64 will 
be referred to as the "disk informatioa" 

The first dock produdng drcurt 65 (digital signal 
output section: dock signal produdng section; first dock 
signal produdng drcuit) receives the anafog reproduc- 
ing signal c, arvJ on the basts thereof, by me&ns of PLL 
(Phase Locked Loop), produces and outputs a bit c^de 
dock signal CLK1. bi the same way. the second dock 
produdng drcuit 66 (digital signal output section; dock 
signal produdng sectfon; secorxl dock signal produdng 
drcuit) receives the anafog reprodudng signal c. and on 
the k>asis thereof, by means of PLL (Phase Locked 
Loop), produces and outputs a bit cyde dock signal 
CLK2. 

Figure 23 is an explanatory drawing showing the 
dock signals CLK1 and CLK2. As shown in tfie Figure, 
the dock signal CLK1 and the dock signal CLK2 have 
the same frequency, but their phases differ by one-half 
cyde. In other words, the f^iase of the dock signal 
CLK2 is offset one-half cyde (180"*) with respect to the 
phase of CLK1. 

The dock selecting drcuit 67 (digital signal output 
sectfon; dock signal selecting sectfon; dock signai 
selecting drcurt) receives the dock signals CLK1 and 
CLJ<2, arKi the disk information of the magneto-optical 
cfisk61 sent from the klentiffoatfon data reprodudng dr- 
cuit 64. Then, on the basis of the cfisk informatfon, the 
dock selecting drcuit 67 selects one of the two dock 
signals and outputs it to the A/D converter 68. 

The A/D converter 68 (digital signal output sectfon; 
digital signal produdng section) receives the anafog 
reprodudng signal c and the dock signal sent from tfie 
dock selecting crcuit 67. Then, on the t»asis of the tim- 
ing of tfie dock signal, the A/D converter 68 converts 
the anafog reprodudng signal c into digital reprodudng 
signals, and outputs these (figrtal reprodudng signals 
In wfiat folfows^ tfie digital signals ou^putted by the A/D 
converter 68 wiD be referred to as the "digrlal reproduc- 
ing signals." 

The PRML demodulating drcurt 69 (demodulation 
section) receives the digital reprodudng signals, and 
demodulates these digital reprodudng signals using the 
PRML (Partial Response Maximum Likelihood) demod- 
ulation metfiod, thus pnx^ng binarized data 

The amplrtude ratio detecting drcuit 70 (reproduc- 
ing power corrtrd section) receives the cfigital reproduc- 
ing signals, and. based on the cfigptal reprodudng 
signals corresporxfing to the sfiort mark recording 
domain 93 and the tong mark recording domain 94 of a 
single sector 92. calculates (detects) and outputs, by 
means of a metfxxJ to be discussed below, a ratio 
between the amplitudes of the sfiort arxj long marks 
(equivalent to reprodiKing signal quantity; hereinafter 
"mean amplitude ratio^. 

The differential amplifier 71 (reprodudng power 
control section) compares the mean arrplitude ratio 
received from the amplitude ratio detecting drcut 70 
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with a standard value received from a standard value 
producing circuit (not shown), and outputs the resiit of 
this comparison (the cfifference off the mean amplitude 
ratio and the standard value). 

The reproducing power control drcuit 72 (reproduc- s 
Ing power control section) supplies driving current to ttie 
semiconductor laser 82. and. bi controlling the amper- 
age off the driving current, controls the reproducing 
power off the semiconductor laser 82. The reproducing 
power control circuit 72 receives the result of compari- io 
son from the differential amplifier 71, and controls tfie 
driving current supplied to the semiconductor laser 82 
so as to reduce the at>solute value of this comparison 
result 

Next selection of the dock signal k)y the dock is 
selecting drcuit 67 will be explained. 

On the basis of the disk infbrmatk)n received from 
the identifkation data reprodudng drcuit 64, the dock 
selecting drcuit 67 selects and outputs to the A/D con- 
verter 68 the dock dgnal most suited to sampling of the 20 
anak)g reprodudng signal c. 

In other words, when the anatog reprodudng signal 
Is a si^ corresponding to the digital data, the dock 
selecting drcuit 67 selects and outputs the dock si^iai 
most suited to sampling based on the combinatk>n of 2S 
the nfX)dulation metfxxJ of the digital data arxi PRML 
demodulation in the PRML demodulating drcuit 69. 

Again, when the anatog reprodudng signal c is a 
signal corresponding to recorded marks for reprodudng 
power control, tfie dock selecting drcuit 67 selects and 30 
outputs the dock signal most suited to sampling based 
on the diaracteristk:s of the recorded marks, such as 
tfie mark lengtfis of tfie short and k>ng marks* the inter- 
vals therebetween, etc. 

Figure 24 is an explanatory drawing showing the 55 
relationship between the dock signals CLK1 and CLK2 
and anak)g reprodudng signals corresponding to the 
short marks and the k)ng marks, which are sanrpled in 
accordance with the dock signals. In other words, in 
Figure 24. (a) shows sampfing points when an anak)g 40 
reprodudng signal c made of short marks is sanded 
t>ased on the dock signal CLK1 . Again, (b) shows sam- 
pling points when an anatog reproducing signal c made 
up of sfK)rt marks is sampled based on the dock signal 
CLK2. Again, (c). shews sampling points when an ana- 4S 
log reprodudng signal c made up of bng marks is sam- 
pled based on the dock signal CLK1. In the Figure, 
sampling points of each anak)g reproducing signal, 
determined t>ased on each dock signal, are shown by 
"O" so 

As shown in Figure 24 at (a), the dock signal CLK1 
has a phase suited to demodulating using PR(1,2,1)ML 
demodulation. 

The pattern of recorded marks formed in the sfK>rt 
mark recorcfing domain 93 is a pattern of repeated short 55 
marks 2Tc in length, as shown in Figure 22. For pur- 
poses of reprodudng power control, it is preferat)le if the 
anak)g reprodudng signal c corresponding to these 



sfiort marks is sampled at Mpper and kywer peak points. 

Accordingly, as shown in Figure 24 at (a), rf the 
dock signal CLK1 is used, it is diffx^ult to san^e the 
i^per and kmet peak points of this analog reprodudng 
signal c. 

If, on the other hand, as shown in Rgure 24 at (b), 
the dock sigral CLK2 is used, it is easy to sample the 
upper and tower peak points of this analog reprodudng 
signal a Accordingly, sampling of an analog reproduc- 
ing signal c corresponding to sfiort marks sfKHjkJ prefer- 
at)ly k>e performed t)ased on the dock signal CLK2 
rather than the dock signal CLK1. 

Agaia as shown in Figure 22. the pattern of 
recorded marks formed in tfie long mark recording 
domain 94 is a pattern of repeated k>ng marks 8Tc bi 
length. For purposes of reprodudng power control, it is 
preferable if the anak)g reprodudng sigrial c conre- 
sponcfing to these k)ng marks is sampled at as many 
upper and lower envetope pdnts as possible Accord- 
ingly, as shown in Figure 24 at (c), sampling of an ana- 
\oq reprodudng signal c corresporxling to kxig marks 
should preferably be performed based on the dock sig- 
nal CLK1 rather than the dock signal CLK2. 

Accordingly, if the anatog reprodudng signal c is a 
signal corresponding to digital data or to tong marks, the 
dock selecting drcuit 67 outputs the dock signal CLX1 
to the A/D converter 68. If the analog reproductrig signal 
c is a signal corresponding to sfK>rt marks* on the other 
hand, the dock selecting drcuit 67 outpuis the dock sig- 
nal CLK2 to the A/D converter 68. 

The foUowing will explain tf)e operations off the 
present reprodudng dence when reprodudng the mag- 
neto-optical disk 61. 

During reprodkJdng, reprodudng begins with the 
toentifftcatton data recording domain 96 off the sector 92. 
In other words, the Bght beam a prpjeded by the semi- 
conductor laser 82 is first projected, at a predeternvned 
initial reprodudng power, onto tfie kientfftoatton data 
recorcfing domain 96. This initial reprodudng power is 
as foDows. When the reprodudng power contrd drcuit 
72 is not receiving a feedback si^ial from the differential 
amplifier 71, tfie reprodudng power control drcuit 72 
supplies a prevtously set initial driving cun^ent to tfie 
semkx)nductor laser 82. In otfier words, the initial repro- 
dudng power off tfie semtoonductor laser 82 is a repro- 
dudng power obtained in accordance with the initial 
driving current. 

When the light t)eam a from tfie semiconductor 
laser 82 projected onto the kjentiftoation data record- 
ing domain 96 of the magneto-optical disk 61 , reflected 
light b reflected from the kJentifftoation data recording 
domain 96 is received by the photodiode 83. which pro- 
duces an anatog reprodudng signal c. This analog 
reprodudng signal c s sent to the identifk:ation data 
reprodudng drcuit 64, the first dock produdng drcuit 
65, the second dock produdng droit 66, and the A/D 
converter 68. 

ppon receiving the anatog reprodudng signal c, the 
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identification data reproducing circuit 64 obtains, based 
on this signal, the modulation method identtftcation data 
and the control mark identification data of the magneto- 
optical disk 61. The identification data reprodudng cir- 
cuit 64 then klent9ies» from the two kinds of kJentifica- 5 
tion data, the type of modulation method and the 
characteristics of the recorded marks for reprodudng 
power control, and sends these, as tiie disk information, 
to the dock selecting circuit 67. 

In other words, the identifksition data reproducing 10 
circuit 64 recognizes arxl informs the ckxk selecting cir- 
cuit 67 that the nxxiulation method of the digital data 
recorded in the data recording domain 95 of the mag* 
neto-optkal disk 61 is (1.7)RLL modulation; that a pat- 
tern of short marks 2Tc in length repeated at an interval is 
of 2Tc is fomr>ed in ttie short mark recording domain 93; 
and that a pattern of k)ng marks BTc in length repeated 
at an interval of aTc is formed in the k)ng mark record- 
ing domain 94. 

After reprodudng of thie kientifk^tion data record- 20 
ing domain 96. the fight beam a. still projected by the 
semiconductor laser 82 at the predetermined initial 
reprodudng power, is projected onto the short mark 
recording domain 93 and the k)ng mark recording 
domain 94. Then, as with reprodudng of the kientifica- 2s 
tk>n data recording domain 96. an analog reprodudng 
signal c corresponding to the short marks or ttie long 
marks is produced and sent to the clentification data 
reprodudng drcuit 64. the first dock produdng drcuit 
65, the second dock procfcjdng drcuit 66, and the A/D 30 
converter 68. 

Upon receiving the ar)ak>g reprodudng signal c cor- 
responding to the short marks or the long marks, the 
fffst dock produdng drcint 65 produces and outputs to 
the dock selecting drcuit 67 the dock signal CLXI syn- as 
chronized with the bit frequency off the anatog reproduc- 
ing signal c. In the same way. the second dock 
produdng circuit 66 produces and outputs to the dock 
selecting drcuit 67 the dock signal CLK2 syncfironized 
witti the bit frequency of the analog reprodudrig signal 40 
a As shown In Rgure 23. the phases of these two dock 
signals are offset one-haK cyde with respect to each 
other. 

The dock selecting drcuit 67. based on the disk 
infcxmation sent from the klentifkation data reprodudng 4S 
drcuit 64 at the time of reprodudng of the kientif ication 
data recording domain 96, selects and outputs to ttie 
A/D converter 68 one of the two dock signals CLX1 and 
CLK2. 

The A/D converter 68 samples the anak)g repro- so 
dudng signal c based on the dock signal received from 
the dock selecting drcuit 67. and produces digital 
reprodudng s^nals. whk:h are sent to the PRML 
demodulating drcuit 69 and the ampfitude ratio detect- 
ing drcuit 70. 55 

After receiving digital reprodudng s^nals corre- 
sponding to the short marks and ttie k>ng marks, ttie 
amplitude ratio detecting drcuit 70. t>ased on these dig- 



ital reprodudng signals, cakulates arxi outputs to the 
differential amplifier 71 a mean amplrtude ratio Sam- 
pling of the anak)g reprodudng signals c corresponding 
to ttie kxig marks and the short marks by ttie A/D con- 
verter 68, and cak:ulation of ttie mean annplitude ratk> by 
ttie amplitude ratk> detecting drcuit 70. will be dis- 
cussed later. 

IJpon receiving the mean amplitude ratio from ttie 
amplitude ratio detecting drcuit 70. the differential 
amplifier 71 compares ttie mean amplitude ratio witti a 
standard value (an kieal value for the amplitude ratio), 
and outputs the result of this comparison (the cffference 
of the mean amplitude ratio and the standard value) to 
ttie reprodudng power control drcuit 72. The reproduc- 
ing power control drcuit 72 then controls the driving cur- 
rent SMpplied to tfie semkX)ndUctor laser 82 in such a 
way tfiat feedback reduces the absolute value of ttiis 
comparison result By tfns means, ttie senruconductor 
laser 82 projects the light t>eam a at an optimum repro- 
dudng power. 

After the short mark recording domain 93 and ttie 
k>ng mark recording domain 94 have been reproduced, 
the fight beam a, now prpjected tyy tfie semiconductor 
laser 82 at an optinum reprodudng power, is projected 
onto the data recording domain 95. Thea as witti repro- 
dudng of the sfiort mark recordvig domain 93 and the 
kxig mark recording domain 94, an analog reprodudng 
signal c corresponding to ttie digital data is sent to the 
first dock producing drcuit 65, the second dock produc- 
ing drcuit 66^ and the A/D converter 68, and the dock 
signals Ct-KI and CUQ are sent to the dock selecting 
drcuit 67. 

Then, the dock selecting drcuit 67, based on ttie 
cfisk infbrmatioa outputs to the A/D converter 68 ttie 
dock signal CLK1. whrch is suited to sampling of an . 
analog reprodudng signal c corresporxiing to distal 
data. The A/D converter 68. based on ttie dock signal 
CLK1, samples the analog reprodudng signal c corre- 
sponcfing to tfie digital data, and produces digital repro- 
dudng signals, wfik:h are sent to the PRML 
demodulating drost 69 and the amplitude ratio detect- 
ing drcuit 70. 

In ttie PRML demodulating drcuit 69. the digital 
reprodudng signals corresponding to the data recording 
domaki 95 are equafized into PR(1.2.1) characteristics, 
and decoded into the most fik^ data t)y means of 
Vftertx decoding, thus producing t»narized data. The 
PRML demodulating drcut ttien outputs ttiis binarized 
data to a binarized data processing devk:e (not shown) . 

When reprodudng of the data recording domain 95 
is oonr^eted, tfuis completing reprodudng of a single 
sector 92. anottier sector 92 adjacent thereto is repro- 
duced in the same way. 

The folbwing will explain cateulatkm of the mean 
amplitude ratk> by the amplitude ratio detecting drcuit 
70. In Figure 25. (a) shows sampling 1^ the A/D con- 
verter 68 of an anak)g reprodudng signal c correspond- 
ing to short marks* and (b) shows sampling of an anak)g 
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reproducing signal c corresponding to bng marks. 

As shown in Rgure 25 at (a), on ttie basis of the 
dock signal CLK2. the A/D converter 68 sanples the 
analog reproducing signal c corresporxiing to short 
marks at an ipper peak point (Ts^, an intermediate s 
poirrt (shown in the Figure as "X), a lower peak point 
(BS|), and an intermecfiate point (i t>eing a natural 
number). The digital reprodudng signals obtained by 
sampling are sent in order to the amplitude detecting 
drcut 70. 10 

Then, the ampfitude detecting circuit 70 cak;ulates 
from the digital reproducing signal values obtained from 
a predetermined number of sanples of TS| a mean 
value TSfnean (3 i^i^)®^ ^ ^ upper peak points). 
In other v(«)rds, the amplitude detecting drcint 70 calcu- is 
lates the mean value TSmean ^ finding the sum of the 
digital reproducing signal values obtained from a prede- 
termffied number of samples of Tsj. and then divkf ng 
the sum by that predetermined nunnber. 

Next in the same way, the ampTitude detecting dr- 20 
cult 70 cak:ulates from the digital reprockidng signal val- 
ues obtained from a predetermined nunrt>er of samples 
of Bsg a mean value BSmean (a "^^^ ^ ^ lower 
peak points). Here, tfie number of samples of Ts,- and of 
BSj used in calculating the nr>ean values TSmean ^ ^ 
BSmean ^® equal. The amplHude detecting drcuit 70 
then calculates the difference between these two mean 
Crimean ~BSmean)> ^ trestts this value as the 
mean ampi itude value tor the short marks. 

Again, as shown in Figure 25 at (b). on the basis of 30 
the dock signal CLX1, the A/D converter 68 sanples 
the anatog reprodudng signal c con-espond'ing to tong 
marks at four upper envelope points (Tl^i: 1\^2'» ^\*3» 
and T)^, four intermediate points (shown in the Rgure 
as "X*^, foir lower envelope points (B^i. B^2* Bl^, 3S 
and B^, and tour intermediate points (j being a multi- 
ple of 4). The digital reprodudng signals obtair^ t>y 
sampGng are serrt in order to the ampfitude detecting 
drcuit 70. 

Then, the amplitude detecting drcuit 70 cakulates ^ 
from the digital reprodudng signal values obtained from 
a predetermined numt>er of samples of T^ (with k = 1 
to 4) a mean value TI„,Qan niean value for the ipper 
errvetope points). In other words, the amplitude detect- 
ing circuit 70 calculates the mean value l^mom ^ ^ 
ing the sum of the digital reprodudng signal values 
obtained from a predetermined numt>er of samples of 
Tlj^, arKt then divkfing the sum by that predetermined 
number. 

Next, in the same way, the arnplitude detecting dr- so 
cuit 70 catoulates from the digital reprodudng dgnal val- 
ues obtained from a predetemruned nuirtoer of sanples 
of Bl^ (with k = 1 to 4) a mean value Bl^nean "^^^^ 
value for the bwer envekpe points). Here. the. number 
of samples of Tlj^ and of Bl|^ used in cakxilataig the 55 
mean values Tlmean ^mean ^6 equal. The arrpfi- 
tude detecting drcuit 70 then catoulates the difference 
between these two mean values (TlmeBn ' Bt^ean)* ^ 



treats this value as the noean amplitude value tor the 
tong marks. 

Then the amplitude ratio detecting drcuit 70 cal- 
culates a ratio between the mean arrplitude values 
for the short marks and the long marks 
(Ts^-Bs^/rn^- Bl^) as the mean anpB- 
tude ratia 

As discussed above, the magn^o-optical disk 61 to 
k>6 reproduced bf the present reprodudng device is pro- 
vkJed with kientification data recording domains 96, in 
which are recorded in advance the nrpdulatton method 
identificatton data arKi the control mark identification 
data. 

Then tfie kJentificatton data reproc&jdng drcuit 64 
of the present reproctoctng devtoe obtains the moctola- 
tton method kientiftoatton data and the control mark 
identification data, identifies the modulation method of 
the digital data and the characteristtos of the recorded 
marks tor reprodudng power control. arxJ sends these 
to the dock selecting drcuit 67 as the disk informatton. 
Further, the dock selecting drcuit 67 also receives dock 
signals CLK1 and CLK2, whtoh are dock signals of cfif- 
ferentphasa 

Then, based on the disk intonfnatton, the dock 
selecting drcuit 67 outputs to the A/D converter 68 
either the dock signal CLK1 or the dock signal CLK2. In 
other words, the dock selecting drcuit 67 selects arxJ 
outputs to the A/D converter the dock signal most 
suited to A/D converston of the anatog reproducing sig- 
nal c, t>ased on the type thereof. 

Accordingly, the sarrpling pertornned by the A/D 
converter 68 is performed at a sanpling frequency 
suited to the analog reprodudng signal c inputted. In 
other words, anatog reprodudng signals c oorrespond- 
ir)g to the digital data and to the recorded nnarks for 
reprodudng power control are sarrpled at an optimum 
phase, as shown m Figure 24 at (a) through (c). 

By this nneans. the PRML demodulating circuit 69 is 
enabled to perform good PF^L denrKxfulating. Accord- 
ingly, with the present reprodudng devicei the magneto- 
opttoal disk 61 recorded by PRML modulation can be 
reproduced with a tow error rate. 

Again, in the same way. the amplitude ratio detect- 
ing drcuit 70 is able to correctty detect the peak values 
or envetope values of anatog reprodudng signals c cor- 
responding to tfie recorded marks for reprodudng 
power control, and to catoulate a mean amplitude ratio 
(tfie reprodudng signal quantity). Accordingly, with the 
present reprodudng devtoe, it is possit)le to accurately 
control the reprodudng power of the semiconductor 
laser 82. Le., tfie quantity of li^ of the semiconductor 
laser 82. 

In this way, with the present reprodudng devtoe, 
even if the optirmim dock signal tor reprodudng the cfig- 
ital data (whtoh is determined by tf)e combination of the 
modulation method of the di^ data and the demodu- 
lation method) differs from the optimum dock signal for 
reprodudng the recorded marks for reprodudng power 
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control (which is determined by the type of recoided 
marks for reproducing power control), ail of the digital 
data and recorded marks for reprodudng power corrtrol 
can be reproduced based on an optimum dock signal. 

Again, with the present reproducing device, a single s 
A/D converter 68 sends digital reproducing signals to 
both the amplitude ratio detecting circuit 70 and the 
PRML demodulating circuit 69. In other words, a single 
A/D converter sends digital reprodudng signals to dr- 
cuits which perform two different kinds of processing. io 
Accordingly, the present reprodudng devk;e can be 
realized by means of a simple structi^& 

Further, in the present reproducing device, repro- 
dudng power control of the semkx>rxJuctor laser 82 is 
performed each time reprodudng of a sector is begun, is 
Accordingly, reprodudng power control is performed at 
short time int^val& Accordingly, even if the environ- y 
merit in whk:h the present reprodudng device is placed 
changes in a short time, causing the optimum reproduc- 
ing power of the semicorxluctor laser 82 to fluctuate in a 20 
short time, the reprodudng power of the senruconductor 
laser 82 can always be controlled to an optimum level. 
In other words, with the present reprodudng devk^ 
control of the reprodudng power of tfie semkx)nductor 
laser 82 can respond to rapid fluctuations in the opth 2S 
mum reproducing power. 

The following will discuss the reasons why the sam- 
pling of the short marks by the dock signal CLX1 shown 
in Figure 24 at (sO is suited to deniodulation using ttie 
PR(1,2,1)ML demodulation method. 30 

With the PR(1,2.1)ML demodulation method, a bet- 
ter error rate can be obtained the doser a solitary wave- 
form (1Tc) is to PR(1,2,1) characteristics. These 
PR{1,2,1) characteristics are cfiaracteristics in whkii, 
as sfiown in Figure 33, level ratios for sarrplings at each 3S 
channel fock cyde are 0, 1. 2, 1, 0, .... Further, since 
a reprodudng signal corresponding to a pattern of 
repeated recorded marks 2Tc in length is a superimpo- 
sition of these solitary wave-forms, it has a wave-fbrm 
like that sfKTwn in Figure 34. Accordingly, when sam- 40 
pling a reproducing dgrial corresponcfing to this pattern, 
a dock signal whk;h samples pdnts at tfie sfKXjIder of 
tfie reprodudng signal, as shown in Figu-e 24 at (a), is 
optimum. 

In the present entxxfiment the nrxxtulation method 45 
of the digital data in tfie magneto-optical disk 61 is 
(1 .7)RLL modulation, and the method of PRML denrxxl- 
ulation by the PRML democ^lating drcuit 69 is 
PR(1,2,1)ML demodUation. However, the dgital data 
modulation metfiod at^le to be reproduced by the 5o 
present reprodudng devk;e is not fimrted to (1.7)RLL 
modulation, and any modulation method may be used. 
Further, the method of denxxlulation t>y the PRML 
demodulating drcuit 69 is not limited to PR(1,2.1)ML 
demodulatioa and any type of PRML demodulation ss 
may t>e used. 

Again, in the present emtxxiiment, the data 
recorded in the k^entif ication data recording domains 96 



of the magneto-optical disk 61 is of two types, modula- 
tion n>ethod identif k:ation data and contrd mark identif i- 
cation data, but the recorded data is not limited to ttiese. 
The data recorded in the identification data recording 
domains 96 and sent to the dock selecting drcuit 67 
may also be data such as the foOowing. 

When the magnetooptical <fisk 61 records several 
types of digital information (including the digital data 
and the recorded marks for reproducrig pmer control). 
arvJ the dock signal vnosX suited to reprodudng tt)e dig- 
ital information cfiffers according to the ^pe of digital 
information. tf)e kientfffoation data recording domains 
96 may record data spedfyirig the dock signal most 
suited to reprodudng of each type of digital information, 
ttie focation of each type of dgrtal infomr^ation in each 
sector, ete. If this type of magneto-optical disk 61 is 
used, the present reprodudng devfoe is enabled to per- 
form reprodudng of each type of distal information on 
the basis of an optimum dock sigrial. 

Further, in the present embodiment ftte magneto- 
optical disk 61 is provided witti kJentifcation data 
recording domains 96, in whfoh are recorded the modu- 
lation method kJentifcation data and ttie control mark 
ident?k:ation data. Then the ident^cation data repro- 
dudng drcuit 64 of ttie present reproducing devfoe 
obtains ttie nxxiulation metfxxl kJentification data arxl 
the control mark identification data, and, based on ttiis 
tdent?k:ation data, sends ttie cGsk information to ttie 
dock selecting drcuit 67. However, ttie structure of the 
present reprodudng device and of tfie magneto-optical 
disk 61 need not be limited to ttie respective stnxiures 
discussed abova 

In ottier words, the present reprodudng devfoe may 
be structured so ttiat the ahafog reproducing signal c is 
sent to the dock selecting drcuit 67, wfuch kJentiftes the 
type of ttie anafog reprodudng signal c by analyzing it 

Wrth ttiis structure, the dock selecting ctrcuit 67 
outputs one of tfie two dock signals to the A/D converter 
68 on tfie t>asis of the kfentified type of the anafog repro- 
dudng signal c. Further, witti this structure, the mag- 
neto-optical disk 61 need not t>e provkJed witti the 
kf entfffoation data recording domains 96. 

Again, in tfie present reprodudng devfoe, tfie 
phases of ttie dock signals CLK1 and CLK2 are offset 
by one-half cyde, but the dock signals to t)e sent to tfie 
dock selecting drcuit 67 need not be limited to thesa In 
ottier words, it is satisfactory if the dock signal sent to 
ttie dock selecting drcuit 67 are optimum for reproduc- 
ing of ttie digital data and recorded marks for reproduc- 
ing power control recorded in tfie magn^ooptical cfisk 
61. 

Agaia in the present embodiment the short marks 
recorded in ttie magneto-optical disk 61 are marks 
whfoh are best reproduced using ttie dock signal CLK2, 
and ttie fong marks are marks which are best repro- 
duced using ttie dock signal CLK1, but the recorded 
marks lor reprodudng power control recorded in tfie 
magneto-optical (fisk 61 arenotlinvtedtottiesa 
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For example, the long marks may be marks which 
are best reproduced by the dock signal CLK2. In other 
words, both the \ong marks and short marks for repro- 
ducing power control may be marks which are best 
reproduced using the ckx:k signa) CLK2. 

When reproducing a nragneto-optical disk 61 with 
this kind of structure, the first dock producing circuit 65 
of the present reprodudng device Is a drcurt fa proc^- 
ing the dock signal for reproducing of the digitel data, 
and the second dock producing drcurt 66 is a drcuit for 
produdng the dock signal for reprodudng of the 
recorded marks for reprodudng power control. 

With ttas structure, even if. for example, the first 
dock produdng drcuit 65 is un^e to output a normal 
dock signal CLX1 due to urUoddng of the PIL, ^c. this 
will have rx) inf luerx:e on reprodudng pcwer control by 
tfie ampfitude ratio detecting c^curt 70, the differential 
amplifier 71. and the reprodudng power contrd drcuit 
72. Accordingly, even in the event of malfunctkxis in the 
first dock produdng cbcuit 65, riormal reprodudng 
pcwer corrtrol can be continued. 

Again, in the present reprodudng device, the dock 
signals sent to the dock selecting drcuit 67 are of two 
types. CLK1 and CUQ. but the number of dock signals 
sent to the dock selecting circuit 67 is not limited to twa 

As many dock signals as necessary in optimum 
reprodudng of the digital data arxl the recorded marks 
for reproducing power control may be sent to the dock 
selecting drcuit 67. 

Again, in the present embodiment, the magneto- 
optical disk 61 has a structure in whk:h the identificatkm 
data reading domain 96 is provkJed as a separate 
domain in the sector 92. However, the identifk^atkm data 
reoordng domain 96 may be provkf ed within the short 
mark recording domain 93, wittiin the long mark record- 
ing domain 94, or witfmi another domain. Again, instead 
of provkiing an klentifk:atk)n data recording domain 96 
for each sector 92. one identifk»tk>n data recorcfing 
domain 96 may be provkJed for each recording track 91 , 
or for each magneto-optical disk 61 . 

In additkm. tfie magneto-optk»l disk 61 may be a 
conventk)nal magnetic ultra high resolution optical 
memory medium provided with a reprodudng layer and 
a recorcfing layer, from which data recorded in tfie 
recorcfing layer is reprociuced by forming on the repro- 
dudng layer an aperture smaller in diameter than the 
li^ spot of the senfttconductor laser 82. 

Further, the PRML demcxJulating drcuit 69 of the 
present reprodudng cJevice may have a structure ec^uiv- 
alent to that of the conventional PRML ciemodulating 
drctit 26. 

Again, the present reprcxiudng cievx:e may have a 
structure in whk^h. pricx to reprociudng of tt)e digital 
data or the recorded marks for reprociudng power con- 
trol, the kjentifkatxm data reproducing drcuit 64 repro- 
ciuces the nriodulalk)n rnelhod kJentiKcation data and the 
contrd mark identifrcation cJata recorded in the identifi- 
cation data recording (jonoain 96, and recognizes in 



advance that the nxxJulatkni method of the digital data 
IS (1 ,7)RLL mociulatk)n, and that the recorded marks for 
reprodudng power control are macte up of a pattern of 
repeated sfiort marks 2Tc in length arxJ a pattern of 

5 repeated tong nwks 8Tc in lerigth. 

In addition, in the present reprociudng devk^, the 
anplitude ratio detecting drcuit 70 calculates the mean 
arrplitude ratia but the structure of tfie present repro- 
ducing device is not limited to this. For example, instead 

10 of tiie amplitude ratio cJetecting drcuit 70, tf^e present 
reprociudr)g device iTiay be provided with the sh(>r1 rriark 
level detecting drcuit 6, the long mark level detecting 
drcurt 7. and the diviskxi drcuit 9 descrftjed in the first 
errtxxfiment above. 

15 Fijirther,the5hc)rtniarks,k)rigrnarks,arxicBskirifor- 
mation of the magneto-optk:al disk 61 need not be 
formed in advance in the short mark recording domain 
93, tfie k>ng mark recordirtg domain 94, and tfie kJentifh 
catkxi (Jata recording ciomain 96. It is sulTident if the 

so magnetchoptical cfisk 61 is provided with ck)mairm of a 
predetermined size for forming of the short marks, long 
. marks, and dfek information. Then, prior to reproducing, 
the user's desired recorded marks for reprociudng 
power contrd and cfisk information may be recorded in 

2S these domains 93, 94, and 96. 

[THIRD EMBODIMENT] 

The foHowing will estplain the tfvrd embodiment of 

30 the present invention. Members having functions e()uiv- 
alent to those of fhe secorxJ errtxxfiment above will be 
given the same reference symbols, and explanation 
thereof will k>e (xnitted. 

Rgure 26 is an exftensOofy drawing showing the 

3S . structure of an optical reprodudng cJevice according to 
the present embocfiment (herdnafler the ^present 
reprcdudng device'^. As shewn m tfie Rgure, instead of 
the klentification cteta reproc&idng drcuit 64, the first 
dock produdng drcuit 65. tfie second dock producing 

40 drcuit 66, the dock selecting drcurt 67, the A/D con- 
verter 68, and tfie ampStude ratio cietecting drcurt 70 of 
the optical reproducing devk^e according to the second 
embocfiment atxTve, the present reprcxiudng device is 
provided with a dout)led dock produdng drcuit 101, an 

45 A/D converter 102. a signal separating drcuit 103. a 
kxrigAsfiort mark extracting crait 1 04. and an amplHucte 
ratio detecting drcuit 105. 

Further, tfie magn^o-optical cfisk 100 sfiown in Fig- 
ure 26 is an optical memory mecfium to be reproduced 

so by the present reprodudng device. The magneto-optical 
cfisk 100 is not provkJed with the sfiort mark recording 
ctomain 93, tfie hxig mark recordng cfomain 94, and tfie 
klentifk:ation cfata recording cJomain 96 of the magneto- 
optical cfisk 61 according to the second embodiment 

65 above. In other words, the recorded marks for reproduc- 
ing power contrd, made up of the sfiort arxi k)ng marte, 
are not recorded \n tfie magneto-optical disk 100, in 
whk:h only the user's desired ciata is reoorcied as cfigrtal 
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dala. 

Based on the analog reprodudng signal c received 
from the photocficxie 83, the doubled dock producing 
circuit 101 (digital signal output section; dock signal 
output section) produces and outputs a dock signal s 
CLK3 with a frequerK^ dodble the bit frequency (the 
reprodudng bit frequency). 

Figure 27 is an explanatory drawing comparing the 
dock signal CLKS with the dock signals CLK1 and 
CU<2 shown in Rgure 23. As shown in Figure 27, the io 
dock signal CUO is a dock signal with a frequency 
double that of the dock signals CLX1 and CLK2. 
Accordingly, the dock signal CLK3 is a dock signal 
which indudes both a phase suited to PR(1^.1)ML 
demodulation and to detecting of upper and lower enve- is 
kspe points of the long marks shown in Figure 22. and a 
phase suited to detecting of upper arxJ tower peak 
points of the short marks shown in Figure 22. 

On the basis of the timing of the dock signal CLK3. 
the A/D converter 1 02 (digital signal output section; dig- 20 
ital signal procibdng sectk>n) converts the anak)g repro- 
dudng signal c into dig^ reproducing signals, and 
outputs these digital reprodudng signalSw In what fd- 
ksws. the digital signals outputted by the A/D converter 
102 wBI be referred to ^ the 'digital reprodudng sig- 2s 
nals." 

The signal separating drcuit 103 (digital signal out- 
put sectton; cfigital signal separating sectkxi) receives 
the digital reprodudng signals, and. k>ased on the timing 
of the dock signal CUC3. assigns each dgital reproduc- 30 
ing signal value alternately to one of two signals, and 
outputs these two sigr^fe. 

The long^hort nrtark extracting drcuit 104 (repro- 
dudng power control section; timing detecting sedton) 
receives t)inarized data from the PRML demodulating 3S 
drcuit 69, and extracts therefrom only binarized data 
corresponcfing to recorded marks 2Tc in length and 
recorded marks 8Tc in length. 

The foltowing w3l explain the operations of the 
present reprodudng device when reprodudng the mag- 40 
neto-optical cfisk 100. The operattons through produdng 
of an analog reprodudng signal c from the ma^eto- 
optk;al disk 100 are equivalent to those off the optical 
reprodudng device acoorcfing to the second ennbodi- 
ment above^ and explanatkxi thereof will t>eonYtted. 45 

In the present reprodudng device, the anatog 
reprodudng signal c outputted by the photodiode 83 is 
sent to the dout)led dock produdng circuit 101 and ttie 
A/D converter 102. As mentioned above, since there are 
no recorded marks for reproducing power control so 
recorded in the magneto-optical disk 100. the anatog 
reprodudng signal c outputted by the photodiode 83 is 
always one corresponding to digital data. 

Based on the analog reprodudng signal c inputted 
thereto, the <kMe6 dock produdng drcuit 101 pro- 55 
duces a clock signal CLK3 having a frequency double 
the bit frec^erKy of the analog reprodudng signal c, and 
outputs the dodcsignalCUO to the A/D converter 102 



and the signal separating drcuit 1 03. The A/D converter 
102 samples the analog reprodudng signal c based on 
the dock signal CLK3, thus produdng digital reproduc- 
ing s^nals. which are sent to the signal separating dr- 
cuit 103. 

Rgure 28 is an explanatory drawing explaining tfie 
production of cfigital reprodudng signals by the A/D corv 
verter 102 when it receives an analog reprodudng sig- 
nal c corresponding to recorded marks 2Tc in length 
(equivalent to the short marks). In the Rgure, "O" ^ 

indicate the pdnts sampled by the A/D converter 
102 based on the dock signal CUO. 

As shown in the Rgure. the A/D converter 102. 
based on the dock si^ial CLK3. altemately samples 
sanripling pdnts shown by "O*" wNch are suited to 
PRML d^ecting (and to recorded marks 8Tc in length) 
and sampling points shown by which are siited to 
detecting a peak value of recorded marks 2Tc in length. 

Next. Figure 29 is an explanatory drawing explain- 
ing the production off digital reprodudng signals by the 
A/D converter 1 02 when it receives an anak>Q reproduc- 
ing signal c corresponding to digital data whkii is a ran- 
dom pattern of recorded marks dt vanous lengths In 
this R^ro, too. the points sannpled the A/D converter 
102 are shown by -Q" ^ • 

By means of this kirxi of sarrpGng, the A/D corn 
verier 102 produces digital reprodudng signals^ whk;h 
are sent to the signal separating circuit 1 03. 

The signal separating drcuit 103 assigns each 
inputted digital reproducing signal alternately to one of 
two groups of signals. In other words, the signal sepa- 
rating drcuit 103 separates the digital reproducing sig- 
nals shown ly *0" »n Figure 29 (hereinafter collectively 
ref^ed to as the lirst digital reproducing signal^ from 
the dig^ reproducing signals shewn by (hereinaf- 
ter cdlectiv^ referred to as the "second digital repro- 
dudng si^iaT)* The signal separating ctrcurt 103 then 
sends the first digital reprodudng signal to the PRML 
demodulating drcuit 69. and sends both the first digital 
reproducing signal and the second distal reproducing 
signal to the amplitude ralto detecting drcuit 105. 

Upon receiving the first digital reprodidng signal, 
the PRML demodulating drcuit 69 equalizes tfiis signal 
into PR(1.2,1) characteristics, and then decodes it into 
the most likely data by means off Viterfoi decoding, thus 
produdng binarized data The PRML demodulating cir- 
cuit 69 then sends this binarized data to the fongAshort 
mark extracting droit 104 arid to a binarized data 
processing device (not shewn). 

The binarized data sent to the fong/ishort mark 
extracting drcuit 104 corresponds to recorded marks of 
seven different lengths from 2Tc to 8Tc. The longfehort 
mark extracting drcuit 104 extracts from the binarized 
data the data obtained from recorded marks 8Tc in 
length, and determ'nes the times at which the sam- 
plings whkii obtained this data were performed (herein- 
after referred to as the Tirst sampling times'). The 
k>r)gAshort mark extracting drcuit 104 also, in the same 
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way. extracts from the binarized data the data obtained 
from recorded marks 2Tc in length, and determines the 
times at which the samplings which obtained this data 
were performed (hereinafter referred to as the *secorxi 
sampling times')- The long^short mark extracting drcuit 5 
104 tfien serxis a predetermined nurTt>er of first sam- 
pling times and a predetermined number of second 
sampling times to the amplitude ratk) detecting arcurt 
105. 

The amplitude ratio detecting drcuit 1 05 (reproduc- 10 
ing power control sectk)n; reproducing power control dr- 
cuit). based on the first sampling times received from 
tfie long/^hort mark extracting drcuit 104, calculates 
from the first digital reprodudng signal a mean amplh 
tude value for the recorded marks 8Tc in length, i.a, the is 
mean ampGtude value (Timean - ^^moard ^ k>ng 
marks dtecussed in the second embodiment above. The 
anrpfitude ratio detecting drcuit 105 alsa based on the 
second sampling times received from the longAshort 
mark extracting drcuit 104, calculates from the second 20 
digital reprodudng signal a mean amplitude value for 
fhe recorded marks 2Tc in ier)gth, i.a. the mean ampli- 
tude value (TSmean " Bs^ean) fOT the short marks cfis- 
cussed in the second errtbodtfnent above. 

The arrplitude ratk> detecting ctrcutt 105 then 2s 
cak:ulates a ratio between tfiese two mean amplitude 
values^ i.a, the mean amplitude ratio 
(Ts,nean-Bs,„^aJ/rn^-Bs^) discussed in the 
second errbodiment ^bove, and serxis this ratio to the 
cfifferential amplifier 71 . 30 

Cak:ulation of the mean amplitude values and the 
mean amplitude ratio by ttie amplitude ratk> detecting 
circuit 1 05 is performed by the same cakailation method 
as in the amplitude ratio detecting drcuit 70 in the sec- 
ond embodiment abova Further, control of the repro- 3s 
dudng power of the semiconductor laser 82 t)y the 
differential amplifier 71 arxJ the reprodudng power con- 
trol drcuit 72 is performed as in the second embodiment 
abcva 

As discussed abova in the present reproduce 40 
devica the dout)led dock producing drcut 101 pro- 
duces a dock stgr^ CLK3 having a frequerxry double 
that of ttie dock signals CLK1 and CLK2, and the A/D 
converter 102 produces digital reprodudng signals tyy 
performing sampling based on this dock signal CU^. 4S 
Then tfie signal separating drcuit 103 assigns e^ cfig- 
rtal reprodudng signal alternately to one of two cfigital 
reprodudng signals, wfuch are sent to the amplitude 
ratio detecting drcuit 105 and tfie PRML demodulating 
drcuit 69. Then the kxig^short mark extracting drcuit so 
104 Mentifies the sampling times of the recorded marks 
(equivalent to ttie short and k>ng marks), and sends 
these sampling times to the amplitude ratio detecting 
circuit 105. which cak:ulates a mean ampTitude ratia 

Accordingly, witti ttie present reprockictng device, a ss 
mean amplitude ratio can be calculated, and tfie repro- 
dudng power of the semiconductor laser 82 controUed. 
even when reprodudng a memory medium which, like 



the magneto-optical disk 100. is not provided witti 
recording domairre for reprodudng power control (such 
as the kJentif ication data recording domains 96, short 
mark recording domains 93. and long mark recording 
domains 94 of ttie secorvj embodiment above). 

Accordingly, using the present reprodudng deAce, 
it is possible to reproduce a magneto-optical disk whose 
effidency of use, i.a. ttie proportion of the disk aitotted 
to the data recording domains 95, is higher than tfiat of 
ttie magneto-optical dsk 61 discussed in ttie seoorxl 
embodiment above. 

In ttie present embodiment, ttie modulation mettiod 
of the digital data in the magneto-optical disk 100 is 
(1 .7)RLL modulation, and the mettiod of PRML demod- 
ulation by the PRML demodulating drcuit 69 is 
PR(1.2.1)ML demodutetioa However, ttie d^ data 
modulation mettxxJ able to be reproduced by ttie 
present reprodudng device is not limited to (1,7)RUL 
modulation, and any modulation mettiod may k>e used. 
Further, ttie metfiod of demodulation by the PRML 
demodulating drcuit 69 is not limited to PR(1,2,1)ML 
denrusdulation, and any type of PRML demodulation 
may be used. 

In ottier words, it is suffk:ient if the doubled dock 
produdng drcuit 101 is able to produce a single dock 
signal corresporxfing to the optimum dock signal for 
reprodudng the digital data (whk:h is determined by the 
oorribiriation of the rnodulation rrietfidd of the cfigital data 
arxJ the demodulation metfiod) and the optimum dock 
signal for reproducing the recorded marks for reproduc- 
ing power control (wfiich is determined by ttie type of 
recorded marks for reprodudng power controO- 

Agaia the foregoing embodiment explained repro- 
ducing of a magneto-optical disk whk:h uses the mag- 
netic uHra high resolution mettiod, kxit memory media 
which can be reproduced by the present reprodudng 
devk^ are not limited to this. The present reprodudng 
devk:e may also be structured so as to be able to repro- 
duce magneto-optical disks whkii do not use ttie mag- 
netk; ultra high resolution mettxxl, optica dteka optical 
carcte. optical tapa etc. 

Agaia the k)ng/short mark extracting drcuit 104 
may also be structured so as to extract from ttie t>ina- 
rized data received from the PRML demodulating drcuit 
69 only tfie recorded marks 2Tc and 8Tc in lengtti, arxl 
to send to the anrfjTrtude ratio detecting droit 105 tfie 
sampling points at tfie times of extraction of each type of 
mark. 

Agaia since ttie sampling phase whk;h is most 
suited to the reprodudng signal of the recorded marks 
for reprodudng power control differs accordbig to tfie 
combination of the modulation mettiod of ttie digital 
data, the PRML denxxlulation mettiod. and ttie types of 
recorded marks for reprodudng power control, tfie 
present reproducing device may t>e given a structure 
which is optimum for the reprodudng system used. 

As discussed abova a fourtti optical reprodudng 
deioce according to ttie present invention controls the 
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light quantity of a Tight beam based on a reproducing 
signal obtained by projecting the light beam onto an 
optical memory medium in which recorded data and 
recorded marks are recorded, and is made up of dock 
producing means, wt^ produce a first sampling dock 
and a seoorxJ sampling dock of a phase differing from 
that of the first sampling docK for sampling of the repro- 
dudng signal; A/D conversion means^ which A/D con- 
vert the reprodudng signal; PRML denxxlulating 
means, which demodulate the recorded data which has 
been A/D converted in accordance with the first sam- 
pling dock; signal quantity detecting nieans. which 
detect reproducing signal quantity from the recoided 
marks which have been A/D converted in accordance 
with the second sampl'mg dock; and fight quantity con- 
trol means, which contrd the light quantity of the fight 
beam based on the reprodudng signal c^jantity. 

With this fourth optical reproducing devk:e, by 
selecting an optimum sampling phase for A/D conver- 
sion according to wt^ether PRML deinodulation is t>eing 
performed or recorded marks for reproducing power 
control are being detected, a low error rate can be 
obtained in reproducing data by PRML detecting, arxJ a 
reprodudng signal quantity can be calculated by cor- 
rectly detecting peak values of the reproductrtg sigrial of 
the recorded marks for reprodudng pcwer control. TTuis 
accurate control of reprodudng pmer can be reafized. 

Further, a fifth optical reprodudng device according 
to the present inventk>n is structured as the fourth opti- 
cal reprodudng device above, in v^ich the dock pro- 
dudng means are separately provided with first PLL 
means, for produdrig the first sampling dock, and sec- 
ond PLL means, for produdng the second sampling 
dock. 

With this fifth optical reprodudng devk;e, by means 
of a structure vAndh separately provides a PLL for pro- 
dudng the samplirig dock for PRML demodiiatkxi arxl 
a PLL for producing the sampfing dock for detecting the 
amplitude value of the recorded marks for reprodudng 
power control, even if the PLL for PRML denxxfulatfon is 
unatDle to output a normal dock due to unfoddng. etc.. 
this win not influence detecting of the recorded marks 
for reprodudng power contrd. and thus normal control 
of reprodudng power can be continued. 

Further, a sixth optKal reproducing device accord- 
ing to the present invention is structured as the fourth 
optical reprodudng device atx3ve. and furttier includes 
dock selecting means, which switch to the first sampling 
ckxdc when performing PRML demodulatfon arxi to the 
second sarripfing dock when performing light quarftity 
control, and whk:h output the selected sampling dock to 
the A/D conversion means. 

With this dxtii optical reprodudng device, by 
chariging the sampling timing for A/D conversfon bf 
switdung between the two docks of different phase, a 
single A/D converter can be used txrth for PRML 
denxxlulation and for detecting recorded marks for 
reprodudng power control. Thus tfie structure of the 



reprodudng device can k>e streamlined. 

Furtf)er. a seventh optical reprodudng device 
according to the present invention is structured as the 
sixth optical reprodudng device akxave. and further 

5 includes identification data reprodudng nr>eans for 
reprodudng kientification data for identifying the dock 
needed in PRML demodulation arxi the dock needed in 
light quantity control; in whk:h the dock selecting means 
are switched based on the identification data. 

70 Further, a foivth optical memory medium accorcfing 
to the present invention is an optical memory medium 
provided with a reprodudng layer and a recording layer, 
from whk^ data recorded in the record'ffig layer is repro- 
duced by forrrung on the reprodudng layer an aperture 

IS smaller in (fiameter than the spot of a light t>eam pro- 
jected thereon, and is provkfed with kientification data 
recordirig domains in whk^h are recorded identification 
data for klentifying a deference in phase between a 
dock for detecting reproducing signal quantity. whKhis 

20 used for controlfing the ligtit quantity of tiie fight beam, 
arxi a dock for reprodudng data. 

Wrth tt)e seventh optical reprodudng device and the 
fourth optical memory medium, kJentifwation data 
regarding the modulation method, the types of recorded 

25 marks for reprodudng power control, etc is recorded in 
identifk:ation data recorcfing domains in the magneto- 
optical disk, and the dock for A/D conversfon is selected 
on the basis of the kientificatfon data distinguished by 
the kJentiffeation data reprodudng meana This struc- 

30 ture enables setting of an optinujm sampling phase for 
A/D conversfon of recording aiarks for reprodudng 
power control, whk:h can vary according to the combi- 
nation of the PRML method, the modulation m^hod of 
the recorded data, and the types of recorded marks for 

35 reprodudng power control. Thus accurate control of 
reprodudng power can be realized. 

Furtfier, an eighth optical reprodudng devk^e 
according to the present invention controls ttie l^ht 
quantity of a light K>eam t)ased on a reprodudng signal 

40 obtained by projecting the light beam onto an optical 
memory mecfium in whk^h recorded data and recorded 
marks are recorded, and is nr\ade up of doi^ed dock 
produdng means^ whk^ produce a sampfing dock with 
a frequency double that of a reprodudng dock of the 

45 reproducing signal; A/D converting means. whk:h A/D 
convert the reprodudng signal using the sampling 
dock; separating means, whk:h assign tfie A/D con- 
verted output signals during each sarrpfing dock alter- 
rtately to one of two signals, and output these two 

50 signals; PRML demodulating means* which receive and 
denKxiulate one of the two signals separated by tfie 
separating means; signal quantity detecting means, 
whx^h receive and detect a reprodudng signal quantity 
fromtheotherof tfie two signals separated by the sep- 

55 arating means; and fight quantity control means, whfoh 
control tfie light quantity of the light beam based on the 
reprodudng signal q^iantity. 

Witti the dghtti optical reprodudng devk:e. by 
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means of a staicture in which, using a sanpfing clock 
having a frequency double the reprodudng bit fre- 
quency, A/D converted reproducing signals during each 
sampling dock are alternately assigned to one of two 
signals, amplitude values of stK)rtest marte and longest 5 
marks can be detected from among the recorded data, 
which includes marks of various lengths. Consequently, 
recorded marks for reprodudng power control are 
unnecessary, and the effiderKry of use of the magneto- 
optical disk can be increased. 70 

Further, a ninth optical reproducing device accord- 
ing to the present lnventk)n is made up of a reproducing 
signal productkHi section, which projects a light t>eam 
onto an optical memory medium, and. based on 
reacted light of the li^ beam, produces a reprodudng is 
signal corresponding to recorded marks recorded in the 
optical memory medium: a control signal output sectkm, 
whk:h detects a mean value of a signal quantity of tfie 
reprodudng signal produced t>y tfie reprodudng signal 
production section, and produces a first control signal 20 
conesponding to the mean value; arxi a reprodudng 
power oonfrol section, which, based on the first corrtrol 
signal produced by the control signal output section, 
controls reprodudng power of the Tight t>eam projected 
by the reprodudng signal production section such that 2S 
the signal quantity of the reprodudng si^ial is an opti- 
mum value. 

Furtfier, a tenth optical reprodudng device accord- 
ing to the present inventxxi is structured as the ninth 
optical reprodudng device atxTve, in wtiich the control 30 
signal output section is made up of a peak value detect- 
ing section, whkii deteds a predetermined number of 
maxunal and minimal values of a reprodudng signal 
corresponding to the recorded marks of the optical 
memory medium; a mean value produdng sectk>n, 3S 
which, from the pred^erm'ned nuiTt>er of maximal and 
m'nimal values detected by the peak value detecting 
section, produces a mean value of the amplitude value 
of the reprodudr^ signal; and a control signal produdng 
section, which, based on the mean value produced by 40 
tfie mean value produdng sectioa produces a first con- 
trol signal. 

Furtfier. an eleventh optical reprodudng device 
according to the present invention is sfructured as the 
tenth optical reprodudng device above, in which the 45 
peak value detecting section detects a predetermined 
quantity of maximal and nvnimal values of a reproduc- 
ing signal corresponding to first recorded marks of a 
predetermined mark length, and a predetermined quan- 
tity of maximal arxi minimal values of a reprodudng sig- so 
nal corresporxfing to secorxl recorded marks of a mark 
length differing from that of the first recorded mari<s; and 
the mean value produdng section is made up of afirst 
mean value calculating sectnn, whk:h. based on the 
maximal and minimal values of the reprodudng si^ial ss 
corresponcfing to the first recorded marks, calculates a 
mean value of an anpGtude thereof, and a second 
mean value calculating sectkni, which, based on the 



maximal and minimal values of the reprodudng signal 
corresponding to the second recorded marks, cateu- 
lates a mean value of an amplitude thereof; and the 
control signal produdng section produces the first con- 
frd signal by finding a ratio t>etween the mean value cal- 
culated by the first mean value cateulating setidon and 
the mean value cakxilated t)y the second mean value 
calculating section. 

Further, a twelfth optical reprodudng device 
according to the present invention is structured as the 
eleventh optica reprodudng devk;e aboife, in which 
each of the first and second mean value cak:ulating sec- 
laons indudes a shift register for storing the predeter- 
mined quantity of maximal arxf innimal values of the 
reprodudng signal corresponding to the first or second 
recorded marks detected by the peak value detecting 
section; a first addtion drcuit for cakailating a sum of all 
of tfie maximal values stored in the shift register; a sec- 
ond addition drcuit for cafoulating a sum of aD of the 
minimal values stored in tfie shift register; a first divisfon 
drcuit for calculating a mean value for tfie maximal val- 
ues by dividing the sum of tfie maximal values calcu- 
lated by the fkst addition drcuit by tfie predetermined 
quantity; a second division drcuit for cakxitating a mean 
value for the mira'mal values by divkling the sum of the 
minimal values cafoulated by tfie second addition drcuit 
by the predetermined quantity; and a first subtraction 
drcuit for cafoulating a mean value of the amplitude of 
the reprodudng signal corresponding to the first 
recorded marks or to tfie second recorded marks by 
subtracting the mean value for the minimal values cal- 
culated t>y the second diviston drcut from the mean 
value for the maximal values cafoulated by tfie first cfivi- 
ston drcuit 

Further, a thirteenth optical reprodudng devk^e 
according to the present invention is structured as tfie 
ninth optical reprodudng devfoe above.' ni wfuch llie 
reprodudng power control section is made MP of a differ- 
eritial arrplifier. to wfifoh is inputted tfie first coritrol sig- 
nal and a pred^ermined standard value, and wfrich 
produces a second control signal whk;h is a result of 
comparison between the first control signal and tfie 
standard value; and a reprodudng povver adjusting sec- 
tion, which confrols the reproducing power such that the 
value of the secorxi control signal is reduced; and tfie 
secorxt control signal is produced such tfiat a BER of 
the reprodudng signal produced by the reproducing sig- 
nal production section is 1E-4 or less. 

Further, afrfth optical memory medium according to 
the present invention is made up 61 a recording layer for 
recording data, and a reprodudng layer, laminated on 
the recording layer, on v^'ch an aperture is formed by 
projection of a predeterrraned ligfit beam, from whk:h 
aperture ttie data recorded on the recording layer is 
read; in which the recording layer includes data record- 
ing domains in which are formed recorcted marks for 
recording of orcSnary data, and reprodudng power con- 
trd domains, in whx:h are formed 5 bytes or more and 
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40 bytes or less of recorded marks for reprodudng 
power control, for controDing reproducing power of the 
light beam. 

Further, a sixth optical memory medium according 
to the present invention is structured as the f ifth optical s 
memory medium above, in which each reproducing 
power control domain includes a domain in which are 
formed 5 bytes or mae and 40 li^es or less of first 
recorded marl® of a predetermined mark length; and a 
domain in which are formed 5 bytes or more and 40 io 
bytes or less of second recorded marks of a mark length 
differing from thai of the first recorded marks. 

Further, a seventh optfoal tnemoty medium accord- 
ing to the present Invention is structured as the fifth opti- 
cal menxxy medium above, in whk:h the reproducing is 
power control domains are provided in each sector 
formed on the recordirig layer. 

Further, an eighth optical memory medium accord- 
ing to the present invention is made up of a recording 
layer for recording data, and a reproducing layer, lami- so 
nated on the recorcfing layer, on wf^ch an aperture is 
formed by projection of a predetermined Gght k>eam, 
from whk;h aperture ttie data recorded on said record- 
ing layer is read; in whkii the recorcfing layer includes a 
data recording domain, in which are formed recorded 2S 
marks for recording of ordinary data, a reproducing 
power control doman. In which are fonned recorded 
marks for reprodudng power control, for controlling 
reproducing power of the Bght beam, and a disk infor- 
nnation domain, in which are recorded the modulation 30 
method of the recorded marks in the data recording 
domain and the reprodudng power control domain, and 
the state of recording of the recorded marks for repro- 
ducing power control. 

The embodiments and concrete examples of imple- ss 
mentation discussed in the foregoing detailed explana- 
tion of the presertt invention serve solely to illustrate the 
technk:al contents of the present invention, which 
shoukt not be narrowly interpreted withvi the limits of 
such concrete examples, but rather may be applied in 40 
many variations without departvig from the spirit off the 
present invention and the scope of the patent danns set 
forth below. 



control signal corresponding to the mean 
value; and 

a reprodudng power control section, which, 
based on the first control signal produced by 
said contrd signal output section, controls 
reprodudng power of tiie fight t>eam projected 
by said reproducing signal production section 
such that the signal quantity of the reproducing 
signal is a predetemraned ^ue. 

2. The optical reprodudng device set forth in daim 1, 
wherein said reprodudng signal production section 
comprises: 

a light l)eam projecting section, which projects 
the light beam onto the optical mefnory 
mecfium corrprising a recorcfing layer in whk^i 
recorded marks are recorded and a reproduc- 
ing layer to whk:h the recorded marks are cop- 
ied, and whk:h fbrms on the reprodudng layer 
an aperture of a size corresporxfing with repro- 
dudng power of ttie light beam; and 
a light receiving section, which, based on light 
reflected from the aperture^ produces a repro- 
dudng signal corresporxJing to the recorded 
marks of the recordir)g layer. 

3. The optical reprodudng device set fbrtti in daim 2. 
wherein saki control signal output section com- 
prises: 

an amplitude value detecting section. whk:h 
detects anplitude values of a reproducing sig- 
nal corresponding to the recorded nwks of the 
optical memory medium; 
a mean value produdrig section, whkii pro- 
duces a mean value of a predetermirted 
number of the ampfitude values detected bf 
said amplitude value detecting section; and 
a control signal producing section, whfofi. 
based on the mean value produced by the 
mean value produdng section, produces a first 
control signal. 



Claims ^ 4. The ofrifoal reprodudng devk;e set forth in daim 3. 

wfierein: 

1. An optical reprodudng devfoeconprising: 

said ampCtude value detecting section detects 
a reprodudng signal production section, which a predetermined quantity of amplitude values 

projects a light beam onto an optical memory so of a reprodudng signal corresponding to first 

medium, and, based on reflected light of the recorded marks of a predelemiined mark 

light beam, produces a reprodudng signal cor- length, and a predetermined quantity of anrpfi- 

responcfing to recorded marks recorded in ttie tude values of a reproducing signal corre- 

optical memory medhim; spending to second recorded marks of a mark 

a control signal output sectfon, which detects a 55 length cfiffering from ttiat off the first recorded 

mean value of a signal quantity of ttie repro- marks; and 

dudng signal produced by said reprodudng said mean value produdng section comprises 

signal production section, and produces a first a first mean value cafoutating section. whx:h. 
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based on the amplitude values of the reproduc- 
ing signal corresponding to the f 'DSt recorded 
marks, calculates a mean value of the ampli- 
tude thereof, and a second mean value calcu- 
lating sectioa which, based on the ampfrtude 5 
values of the reprodudng signal conresponding 
to the secorxi recorded marks. cak:ulates a 
mean value of the amplitude thereof; and 
said control signal produdng section produces 
the first control s^nal by finding a ratio 10 
between the mean value cateulated by said first 
mean value calculating section and the mean 
value cakxjlated by said seoorxJ mean value 
calculating sectioa 

IS 

5. The optical reproducing device set forth in daim 4. 
wherein said reproducing power control section 
comprises: 

a differential amplifier, to which Is inputted the 20 
first control signal and a pred^ernuned stand- 
ard value, and which produces a second con- 
trol signal which is a result of comparison 
between the first control signal and the stand- 
ard value; and 2S 
a reprodudng power adjusting section, which 
controls the reproducing power such tfiat the 
value of the second control signal is reduced. 

6. The optical reprodudng dance set forth In daim 5, so 
further corrprfeing: 

a binarized data produdng section, which pro- 
duces binarized data corresponding to the 
reprodudng stgrel outputted by said reproduc- as 
ing signal production section, arxl an error cor- 
recting section, which corrects errors In the 
k>inarized data, wherein: 
the second contrd signal is produced such that 
a BER of the binarized data is within a range 40 
which is correctable within the correcting ability 
of saki error correcting secb'oa 

7. The optical reprodudng device set forth in daim 4. 
wherein: 45 

ttiepredetenmined quantity is 5 bytes or mora 

a. The optical reprodudng device set forth in daim 7, 
wherein: so 

the predetermined quantity is 40 bytes or less. 

9. The optical reprodudng dance set forth in daim 4. 
wherdn: ss 

the predetermined quantity is 14 samples or 
mora 



10. The optical reprodudng device set forth in daim 9. 
wfierein: 

the predetermined quantity is 120 samples or 
less. 

11. The optical reprodudng device set forth in daim 7, 
wherein: 

the first and second recorded marks are 
recorded in said optical merrxxy medium t)y the 
(1.7)RLL modulation method; and 
the first recorded marks have mark lengths arxi 
intervals between marks which are 2 channel 
bits in length; and 

the second recorded marks have mark lengths 
arxj intervals between marks which are 8 charh 
neik)itsinlengtfi. 

12. The optical reprodudrig device set forth in daim 7, 
wherein: 

the first arxJ second recorded marks are 
recorded in said optical menmry mecfium by the 
NRZl modulation metfKxf; and 
the first recorded marks have mark lengths of 2 
channel bits and intervals between marks 
wtiich are 1 channel k>ft in length; and 
the second recorded marks have mark lengths 
and intervals t>etween marks which are 8 chan- 
nel bits in length. 

13. An optical memory medium comprising a recorCfing 
l^er fbr recording data, and a reproducing layer, 
laminated on saM recording layer, on wtuch an 
aperture is formed by projection of a predetermined 
Gght t>eam, from which ^>erture the data recorded 
on said recording layer is read, wherein: 

a track for recorcfing of data includes a repro- 
dudng power control domain of 5 bytes or 
more and 40 bytes or less, for recording of 
recorded marks for reprodudng paver control, 
fbr conlrdfing reproducng power of the light 
beam. 

14w The optical memory medium set forth in daim 13. 
wherein said reprodudng power contrd domain 
includes: 

a domain of 5 bytes or more and 40 bytes or 
less, fbr recording of first recorded marks of a 
predetermined mark ler>gth: and 
a domain of 5 bytes or more and 40 bytes or 
less, for recording of second recorded marks of 
a mark length differing from that of the first 
recorded marks. 
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15. The optical memory medhim set forth in daim 13, 
wherein: 

a said reprodudng power control domain is 
provided in each sector fbmned on said trade s 

16. An optical reproducing device comprising: 

a reproducing signal production section, which 
projects a light beam orrto an optical memory io 
med'oim, and, based on reflected light of the 
fi^ beam, produces a reprodudng signal cor- 
responcfing to recorded marks recorded in the 
optical memory medium; 

a digital signal output section, which outputs is 
digital signals corresponding to the reproduc- 
ing signal: 

a demodulation section, which denrxxlulates 
the dgital signals; and 

a reprodudng power control section, which, 20 
based on the dgital sigrials, controls reproduc- 
ing power of said reprodudng signal production 
section; 

said digital signal output section comprising: 
a dock signal output sectkxi, which outputs a 2S 
dock signal in accordance with the modutetion 
method of the recorded marks, the demodula- 
tion method of said demodulation section, and 
the contrd method of said reprodudng power 
control section; and 30 
a digital signal produdng sectk>n, which, t)ased 
on the dock st^ial outputted t>y saki dock sig- 
nal output section, samples the reproducing 
signal and produces digital signals. 

35 

17. The optcal reprodudng devices^ forth in daim 16, 
wherein said dock signal output section oomprises: 

a dock signal producing section, whk;h, based 
on the reproducing signal, produces a phjraRty 40 
of (fifferent dock signals; and 
a dock signal selecting section wtiich. leased 
on the reproducffig signal, selects from among 
the plurality of different dock signals a dock 
signal in accordance with either the modulation 45 
and demodulation mettKxfs, or the control 
mettxxl, and outputs the selected dock signal 
to said digital signal produdng section. 

18. The optical reproducing device set forth in daoT) 17, so 
wfierein said dock signal selecting section com- 
prises: 

a recorded mark judging section wtiich. based 
on the reprodudng signal, judges whettier 55 
recorded marks t>eing reproduced are 
recorded marks for reprodudng power control 
or recorded marks to be denfKxiulated. and out- 



puts tiie result of tNs judgment; and 
a dock signal selecting drcuit which. k>ased on 
the result of the judgment selects a dock sig- 
nal from among the plurafity of. dock signals 
outputted by saki dock signal producing sec- 
tion. 

19l The optical reprodudng device set forth in daim 18. 
wherein saki dock signal produdng section com- 
prises: 

a first dock signal produdng drcuit. whk:h, 
based on the reproducing signal, produces a 
first dock signal In accordance witti the nrxxJu- 
lation method and the demodulation method; 
and 

a second dock signal produdng drcuit. whkii, 
based on the reproducing signal, produces a 
second dock si^ial ttt accordance with the 
control method 

2a Theoptical reprodudng devfoe set forth in daim 19, 
wherein: 

the modulation method of the recorded marte 
is the (1.7)RLL modulation method; 
tfie reprodudng power control method used t>y 
said reprodudng power contrd section is a 
method of contrdrmg reproducing power 
detecting mean values of an^itude values of 
reprodudng signals corresponding to each of 
the two types of recoitJed marks of different 
mark lerxjth for reprodudng jponet control 
recorded in the optical memory medium, calcu- 
lating a ratio between the two mean values, 
and controlling reprodudng power such that 
the ratio approaches a prevfously s^ standard 
value; 

tfie demodulation metfKxi used by said demod- 
ulation section is the PR(1,2.1)ML demodula- 
tion metfiod; and 

the phase of the first dock signal is offset one- 
fialf cyde with respect to tf)e phase of ttie sec- 
ond dock signal. 

21. The optical reprodudng devk:e set forth in daim 16. 
wherein: 

said dock signal output section of said digital 
signal output section outputs a svigle dock sig- 
nal in accordance with the nxxiulafion method, 
the demodulation metfiod. and the control 
metfiod; and 

said digital signal output section further com- 
prises: 

a digital signal separating section, which sepa- 
rates a first digital signal to be demodulated 
from a second digital signal for reprodudng 
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power control, arxi outputs the first digital sig- 
nal to said denrxxJulation section and the sec- 
ond digital signal to said reproducing power 
control section. 

22. The optical reprodudng device set forth in daim 21. 
wherein: 



23. The optical reproducing device set forth in daim 21, 
wherein said reproducing power control section 
comprises: 

3S 

a timing detecting section, which, based on dig- 
ital signals denxxlulated t)y said demodulation 
section, obtains a timing at which recoided 
marks suited to reproducing pcwer control 
were sampled; and 40 
a reproducing power control drcuit. which. 
t)ased on the tinwig obtained by said timing 
detecting section, extracts, from the second 
digital signal, digital signals corresponding to 
the recorded marks, and controls reproducing 45 
power based on these digital signals. 

24. An optical memory ntedium comprising a reoorcfing 
layer for recording data, arxi a reprodudng layer, 
laminated on said recording layer, on which an so 
aperture is formed k>y projection of a predetermined 
Rght t>eam. from which aperture the data recorded 

on said recording layer is read, wheran: 



recording of recorded marks for reprodudng 
power control, for controlling reprodudng 
power of the light beam; and 
a disk Information domain, for recording of the 
modulation n)ethod of the recorded marks in 
said data recording domain and said reproduc- 
ing power contrd domain, and the state of 
recorded marlcs for reproduc- 



recording of the 

the modulation method of the recorded marks ing power oontrd 

is the (1 .7)RLL modulation method; io 
the reprodudng power control method used by 
said reprodudng power control section is a 
method of controlling reprodudng power by 
detecting rrtean values of amplitude values of 
reprodudng signals corresponding to each of is 
the two types of recorded marks of different 
mark length for reprodudng power control 
recorded in the optical memory mecfium. calcu- 
lating a ratx) between the two mean values, 
and .controlGng reprodudng power such ttiat 20 
the ratio approaches a previot^ set standard 
value; 

the demodulatkm metfiod used by said demod- 
ulation sectkm is the PR(1.2.1)ML demodula- 
tk)n method; arxi 2s 
the dock signal outputted by said dock signal 
output section is a signal having a frequency 
dout)l6 that of a dock signal in accordance with 
only the modulation method and tfie denxxiula- 
tkx) method. so 



on a track for recording of data are provided: 55 
a data recording domain, for recording of orcfi- 
nary data; 

a reprocbjdng power control domain, for 
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